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ABSTRACT 
Two putative functions of equine stereotypies (crib-biting and weaving) were 
proposed: 1) `behavioural need', the behaviour substitutes an unobtainable 
consummatory behaviour (e. g. eating); 2) `reward function', the behaviour 
counteracts the physiological effects of a stressor. 
Several hypotheses were established to test these putative functions within one 
experimental design. This experiment measured the physiological (heart-rate, plasma 
cortisol and plasma beta-endorphin) and behavioural responses to performing and 
preventing equine stereotypies (using the crib-strap and anti-weave bar) in crib- 
biting (n=4), weaving (n=3) and control horses (n=4). The behavioural effects of 
administering an opiate antagonist (naloxone) to these horses were also assessed. 
Results indicated that Hypothalamo-pituitary-adrenal (HPA) activity (plasma 
cortisol) was significantly higher (p<0.05) immediately prior to the onset of 
stereotypy followed by a significant reduction and suggested that both crib-biting and 
weaving function as a `reward function' to reduce stress levels in the animal and not 
as a `behavioural need'. 
The crib-strap significantly elevated (p=0.05) mean plasma cortisol in crib-biting 
horses and a similar trend (p=0.07) was observed for the weaving group during the 
anti-weave bar treatment. Both crib-strap and anti-weave bar significantly elevated 
(p<0.05) plasma cortisol in the control horses. The continued performance of 
stereotypy during these prevention treatments and the significant physiological 
changes recorded for the control horses prevented a definite conclusion being drawn 
with respect to the hypotheses being tested. The results, however, did suggest that the 
use of the crib-strap and anti-weave bar are stressful to horses and thus may be a 
welfare concern. 
The opiate antagonist naloxone significantly reduced crib-biting by 84% (p=0.07) but 
not weaving (p=0.37) indicating that the former but not the latter of these stereotypies 
functions as a reward behaviour. However, resting behaviour was also significantly 
increased (p=0.02) in crib-biting horses suggesting that the reduction in stereotypy 
was due to a sedative effect of the opiate antagonist. However, since the effect was 
not measured in control or weaving animals these results may be interpreted 
differently. 
Finally, plasma beta-endorphin and prolactin (as an indicator of central nervous 
system [CNS] dopamine activity) levels were not significantly different between 
stereotypy and non-stereotypy horses. The development of equine stereotypy cannot, 
therefore, be attributed to substantial differences in CNS opioid or dopamine 
physiology. However, the low numbers of experimental animals used in this study 
requires that these results be interpreted with caution. 
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1.1 INTRODUCTION TO STEREOTYPIC BEHAVIOUR 
1.1.1 DEFINITION AND EXAMPLES OF STEREOTYPIC BEHAVIOUR 
Stereotypic behaviour is also referred to as stereotypy (Rushen, 1987; Mason, 1991; 
Terlouw et al., 1992; Houpt and McDonnell, 1993), stereotyped (Rushen, 1984) and 
stereotyping behaviour (Agut et al., 1986; Bildsoe et al., 1991). These are the 
grammatical variations of the word stereotype, commonly interpreted as a person or 
"thing" that conforms to an unjustifiably fixed mental image (Allen, 1990). In the 
context of abnormal behaviour, it describes `a behaviour pattern that is repetitive, 
invariant and has no obvious goal or function' (for review see Mason, 1991). This 
definition was established by the Commission of the European Communities (CEC) 
in 1983 and is a variation of that presented by Fox in 1965. It has been criticised for 
being both simplistic and subjective (Dantzer, 1991), however, the heterogeneous 
nature of the behaviour (both between and within species) together with a lack of 
information regarding function, prevents a more succinct definition being developed 
(for review see Mason, 1991). Terminology that sub-categorises stereotypies has 
been used to define the behaviour more precisely. For example, stereotypies can be: 
oral or locomotory; deprivation or cage; terminal or interim; abbreviated or non- 
abbreviated; developing or established and psychostimulant- or environmentally- 
induced (Mason, 1991). The latter is the main sub-classification and examples are 
given in Table 1.1. 
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Table 1.1 Examples of stereotypic behaviour; environmentally and psychostimulant-induced. 
Species Environment/condition Stereotypy Source 
horse stable crib-biting, weaving, box- 
walking 
Houpt and McDonnell 
(1993) 
large cats zoo figure of 8 pacing Meyer-Holzapfel (1968) 
polar bears zoo swimming Wechsler 1991 
elephants zoo rocking Schmid and Zeeb (1994) 
chimpanzees restricted social 
conditions 
rocking Pazol and Bloomsmith 
(1997) 
bank voles cage jumping Cooper and Nicol 1991 
cows veal crates, tethering tongue rolling Fraser and Broom (1990); 
Redbo 1993 
pigs tethering bar-biting and chain 
manipulation 
Lawrence and Terlouw 
1993 
mink cage pacing and rearm Mason (1993b). 
poultry cage pacing and pecking Duncan and Wood-Gush 
(1972); Aggrey et al. 
(1990); Savory et al. 
992 
mice cage wire gnawing Wurbel et al. (1996). 
humans autistic rocking Hutt and Hutt (1970) 
humans psychiatric disorders rocking Castellanos et al. (1996) 
Species Psychostimulant Stereotypy Source 
horse Fentanyl (µ opioid 
receptor agonist) 
crib-biting Mama et al. (1992) 
rat DAMGO (g opioid 
receptor a onist 
head bobbing, head 
weavin 
Meyer (1993) 
pigeons a omo hire pecking Goodman 1981 
1.1.2 STEREOTYPIC BEHAVIOUR OF THE HORSE 
The term `vice' is used to describe abnormal equine behaviour which is usually 
stereotypic in nature (Ralston, 1982; Schilder, 1986). This descriptive term is 
misleading since it attributes to the horse the ability to make moral decisions as to 
whether or not to act in an evil manner (Houpt and McDonnell, 1993). It has also 
resulted in behaviours that are not stereotypic by definition, being classified as such; 
common examples are wood-chewing, biting and coprophagia. In accordance with 
the definition (a behaviour pattern that is repetitive, invariant and has no obvious 
goal or function), equine stereotypic behaviours are crib-biting, weaving and box- 
walking. 
Archaeological evidence (excessive incisor wear associated with crib-biting- Figure 
1.1) suggests that horses have performed stereotypic behaviour since their 
domestication during the Middle Palaeolithic (Bahn, 1980). The first written record 
of this behaviour was in 1609 in Sollysel's book `The Marechal Parfait', where crib- 
biting was described as the ̀ Tic'. Today, the prevalences of weaving, crib-biting and 
box-walking by horses in the UK have been reported as 9.4,7.5,3.8% amongst 
dressage horses, 9.5,8.3,3.6%, amongst event horses and 3.9,3.1,5.5% amongst 
endurance horses respectively (McGreevy et al., 1995b). Similar prevalences have 
been reported in other countries (Vecchiotti and Galanti, 1986; Prince, 1987; Redbo 
et al., 1998). 
Crib-biting or `cribbing', is an oral stereotypic behaviour that involves the horse 
gripping onto a fixed object with its incisor teeth, usually at chest level, leaning 
back onto its hindquarters and contracting the muscles of the neck to bring its head 
into an arched position (Figure 1.2). Depending on the individual horse, air may or 
may not be drawn into the oesophagus, producing a grunting sound; this is known as 
windsucking (McGreevy et al., 1995c). In some instances, windsucking is 
performed without the crib-biting action and is termed aerophagia. The fixed, solid 
object can vary from any surface within the stable to outside posts or gates. There 
are also anecdotal reports of animals crib-biting on barbed wire or electric fencing 
when no other appropriate surface was available. 
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Crib-biting leads to extensive wear of the incisor teeth (Figure 1.1) and may result in 
loss of condition of the horse (Sambraus, 1985; Dodman et al., 1987). Anecdotal 
reports suggest that crib-biting horses are also prone to spasmodic colic (Potter, 
1980; Frauenfelder, 1981; Sambraus, 1985; Fraser and Broom, 1990), and the 
monetary value of a crib-biting horse is less than that of an equivalent animal free of 
vices (Friend, 1991). 
Figure 1.2 Horse performing crib-biting; edge of water dispenser is gripped with 
upper incisor teeth providing a leverage point to allow contraction of 
sternomandibularis, omohyoid and sternothyrohyoid muscles of the neck. 
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Figure 1.1 Incisor wear resulting from crib-biting behaviour. 
Horse owners regard crib-biting as unsightly and as a potentially `contagious' 
problem (Houpt, 1981). Thus, crib-biters are often ostracised within horse yards, 
banished from the premises altogether or attempts made to physically prevent the 
performance of the behaviour by the use of a crib-strap (a leather strap with two 
pieces of metal hinged together at the mid-point) or by surgery. The crib-strap is 
placed around the neck of the horse (Figure 1.3), and prevents crib-biting by 
tightening around the pharynx as the horse attempts to arch its neck during the crib- 
biting sequence. Myectomy or neurectomy describes the two surgical methods (see 
Fjeldbourg, 1993, for review) employed to prevent the behaviour; the 
sternomandibularis, omohyoid and sternothyrohyoid muscle groups, or surrounding 
nerve tissue, are surgically removed from the neck such that the animal cannot arch 
its neck. Both methods of prevention are not always successful. 
Figure 1.3 Horse wearing a crib-strap preventing contraction of the neck muscles. 
5 
Weaving, by contrast, is a locomotory behaviour using whole body movement; it 
involves lateral movement of the head and neck from side to side in a rhythmic 
repetitive manner with alternation of the weight onto the contralateral foreleg, with 
respect to the position of the head. Weaving has been reported to lead to orthopaedic 
problems e. g. strained ligaments (Ralston, 1982), loss of condition and poor 
performance of the animal (Fraser and Broom, 1990). Weaving is usually performed 
over the stable door and attempts are often made to prevent the behaviour with the 
use of anti-weave bars (Figure 1.4). This method is unsuccessful as the animal often 
steps back from the doorway and performs the behaviour inside the stable. 
Figure 1.4 Anti-weave bar placed on the stable door to prevent lateral movement of 
head (weaving). 
Box-walking is, as the term suggests, the action of the horse walking around the box 
(stable) in a circular repetitive fashion. This may result in loss of condition and 
sometimes performance (Houpt, 1986). Box-walking is rarely prevented due to the 
impracticalities of immobilising the horse within a stable environment. 
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1.1.3 SUGGESTED CAUSES AND FUNCTION OF EQUINE STEREOTYPIC 
BEHAVIOUR 
The causal factors of equine stereotypic behaviour have been debated for over one 
hundred years and are still not clearly understood. The following consequences of 
stabling horses were attributed to the development of the behaviour: 
1. crib-biting was related to `idleness', because use of cereal-based concentrates 
instead of forage reduced feeding time (Yare, 1830; Holmes, 1839; Goubaux and 
Barrier, 1892; Axe, 1901; Friedberger and Frohner, 1905; Moore, 1912); 
2. lack of social contact (Moore, 1912); 
3. the restrictive nature of the stable environment (Moore, 1912). 
These factors are still considered causal today (Kiley-Worthington, 1983; Waring, 
1983; Luescher et al., 1991; Houpt and McDonnell, 1993), but are now discussed in 
terms of frustration (Kiley-Worthington, 1983; Waring, 1983; Luescher et al., 1991; 
Küsunose, 1992), boredom (Waring, 1983; Sambraus, 1985; Kusunose, 1992), or 
stress (Houpt, 1981; Luescher et al., 1991) of the animal. Only two questionnaire- 
based studies have supported some of the above speculation (McGreevy et al., 1995; 
Redbo et al., 1998); McGreevy et al. (1995) showed that the risk of horses 
developing weaving decreased when levels of forage were above 6.8kg/day (0.42 vs. 
1.00; adjusted odds ratio) and that the risk of abnormal behaviour generally 
(stereotypies and wood-chewing) increased when stable design prevented visual 
contact with conspecifics (0.6 vs 1.00). Using a logistic regression model, Redbo et 
al. (1998) demonstrated that the occurrence of stereotypies correlated with the 
amount of cereal-based concentrate (p<0.01) and forage (p<0.001) given to the horse, 
as well as the number of horses per trainer (p<0.01). The authors concluded that 
horses that spent more time eating or, were in greater contact with stable staff, were 
less likely to perform a stereotypy. Thus, equine stereotypies appear to result from a 
lack of environmental stimulus brought about by reduced eating time and/or reduced 
social contact with conspecifics or other species. 
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Once crib-biting becomes established as part of the daily behavioural repertoire of 
the animal, it is most apparent as a post-prandial behaviour where ingestion of highly 
palatable feeds causes an immediate crib-biting response (Kusunose, 1992; Gillham 
et al., 1994). Palatability has thus been discussed as a causal factor. However, 
palatable feeds are also starch-rich, cereal-based concentrates that reduce the pH of 
the caecum, and it has also been speculated that increased acidity in the large 
intestine is the main cause of the behaviour, potentially via visceral discomfort 
(Johnson et al., 1998). This latter theory was based on the finding of Johnson et al. 
(1998) that `grasping-type' behaviour was significantly reduced (p<0.05) when 
cereal-based concentrates were supplemented with the non-therapeutic antibiotic 
virginiamycin. This supplement prevented the normal decrease (p<0.05) in caecal 
pH associated with ingesting concentrates and the authors suggested a link between 
the behavioural and the physiological effect of the supplement. However, it should 
be noted that Johnson et al. (1998) also observed that the virginiamycin- 
supplemented group took longer to eat their ration (values not given). Given that 
eating time is a recognised parameter of palatability (Bellisle, 1989), the study may in 
fact suggest that antibiotic supplementation reduced the palatability of the feed and in 
turn the crib-biting response. 
Less attention has been given to the causes of weaving, although they are regarded as 
being similar to those identified for crib-biting i. e. boredom (Fox 1965; Houpt, 1981; 
Ralston, 1982), and frustration (Sambraus, 1981; Ralston, 1982) as a result of the 
stabling. One study has reported that weaving takes place in specific response to 
environmental cues associated with the provision of a meal (Sambraus and Radtke, 
1989, cited by Redbo et al., 1998). 
To date, only two studies have provided information that may help in the 
understanding of the function of equine stereotypies. McGreevy and Nicol (1995) 
reported no effect of preventing crib-biting on adrenal activity (plasma cortsiol) and 
Lebelt et al. (1998) reported an increase in central nervous system (CNS) opioid 
activity (as indicated by a significant increase [P<0.05] in pain threshold) and a 
significant decrease (p<0.05) in heart-rate after, compared to before, crib-biting 
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behaviour. The significance of these results will be discussed in the next section in 
the context of similar studies that have been carried out in other species 
To summarise: 
1. equine stereotypier are crib-biting, weaving and box-walking; 
2. equine stereotypies are performed by 4-5% of the stabled-horse population; 
3. individuals performing these behaviours are often isolated and/or attempts are 
made to prevent the behaviour; 
4. the cause of equine stereotypic behaviour has not been fully explained, although it 
has been associated with a reduction in both eating time and social contact; 
5. crib-biting becomes established as a post-prandial behaviour where palatability or 
starch content of the diet appear to be important causal factors of the behaviour; 
6. one study has reported that weaving may be associated with the provision of food; 
7. limited scientific research has been carried out to determine the function of equine 
stereotypic behaviour. 
This thesis will investigate the causal factors and putative function of crib-biting and 
weaving by 1) conducting a critical appraisal of these behaviours in the context of 
a) research results that are available for stereotypies in other species (section 1.2); 
b) neurochemical research in other species which examines the underlying 
neurochemistry of the stereotypic behaviour (section 1.3); 
and by 2) the experimental testing of a hypothesis based on the above appraisal 
(Chapters 5). 
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1.2 RESEARCH INTO THE CAUSE AND FUNCTION OF 
STEREOTYPIC BEHAVIOUR OF NON-EQUID SPECIES- A 
CRITICAL APPRAISAL IN THE CONTEXT OF EQUINE 
STEREOTYPY 
1.2.1 INTRODUCTION 
The cause, function and motivation' of most behaviours are self-evident; for 
example, animals eat food to prevent hunger and death. These fundamental aspects 
of stereotypic behaviour are either not well defined (causation) or, are unknown 
(function/motivation). 
1.2.2 CAUSAL FACTORS OF STEREOTYPIC BEHAVIOUR 
Mason (1991) stated that stereotypy results from frustration, unavoidable stress and 
fear, restraint and lack of stimulation; all resulting from a sub-optimal environment. 
These behaviours have also been considered to result from aversion or frustration of 
motivation associated with restricted behaviour or confined environment (see Rushen 
et al., 1993 for review). Sambraus (1996) stated that stereotypic behaviour is caused 
by social isolation, locomotory restriction, a novel environment, frustration or lack of 
stimuli, where stress was the common factor in each situation. Dantzer (1986) stated 
that frustration can also be termed as stress and leads to stereotypic behaviour. In 
addition, Wiepkema and Koolhaas (1993) considered stereotypic behaviour to be a 
symptom of chronic stress. Stress, therefore, has been considered to be the main 
cause of stereotypic behaviour. Unfortunately, there are several limitations to using 
this term. Firstly, stress is not clearly defined (Selye 1973) and thus there is often 
variation in how it is interpreted (Rushen 1995). Secondly, stressors differ both 
qualitatively (psychological or physical) and quantitatively (e. g. chronic, acute, 
chronic intermittent) (Dantzer and Mormede, 1983; Friend, 1991; Ladewig et 
1 Motivation has been described the interim state between the organism receiving external/internal 
stimuli and the performance of the behaviour for a functional end (Toates and Jensen, 1991). 
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al., 1993), and different individuals respond (physiologically and behaviourally) 
differently to the same stressors (Ladewig et al., 1993; Mason and Mendl, 1993). 
This means that not all stressors (events or environments that cause stress) cause 
stereotypy (e. g. cold, immobilisation and inescapable electric shock (see Robbins, 
1990, for review) and not all individuals develop stereotypy in the same environment 
(e. g. Appleby and Lawrence, 1987; Hansen and Damgaard, 1993). Thus, a direct 
relationship between stress and stereotypy does not exist. 
In contrast, restricted food supply, restricted locomotion and social isolation are 
specific stressors that have consistently been linked to the development of stereotypic 
behaviour for several species. For example, restricted food intake caused stereotypic 
pacing or pecking by poultry (Duncan and Wood-Gush, 1972; Aggrey et al., 1990; 
Savory et al., 1992), whilst for pigs, this together with restriction of locomotion 
caused stereotypic head-weaving, chain manipulation, bar-biting and sham chewing 
(e. g. Appleby and Lawrence, 1987; Terlouw et al., 1991a). Prevention of locomotion 
caused stereotypic jumping by bank voles (Cooper and Nicol, 1991), whilst caged 
mink performed stereotypic pacing and rearing (Mason, 1993b) and similarly when 
they were feed restriction (Bildsoe et al., 1991). Cows tongue rolled when food was 
restricted (Redbo et al., 1996; Redbo and Nordblad, 1997) or, when they were 
confined (e. g. Redbo 1993). Furthermore, restricted feeding or social isolation 
induced stereotypic behaviour in sheep (Marsden and Woodgush, 1986), and social 
isolation had the same effect on dogs (Hosoda, 1950). Thus, it is evident that for 
several species including the horse, stereotypies develop in response to similar 
environmental conditions. 
Although this may identify the causal factors of stereotypy, it does not explain why 
these behaviours develop i. e. it does not describe the underlying motivation of 
stereotypy. To answer this, requires that the occurrence of stereotypy in response to 
specific environmental stimuli be examined in the context of proposed models of 
behavioural motivation. The majority of stereotypies are performed either in the 
context of stimuli that indicate the arrival of food or, the act of feeding itself (Mason 
and Mendl, 1997). For example, chain-chewing or stereotypic rooting are more 
prevalent after pigs have eaten (Terlouw et al., 1993), whereas head-weaving is 
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considered to be a pre-feeding activity (Rushen, 1984). Similarly, stereotypic pacing 
and pecking are pre- and post-meal activities respectively by chickens (Kostal et al. 
1992), and weaving and crib-biting are the equivalent pre- and post-meal stereotypies 
for horses. These feed-related stereotypies have been classified as interim (post- 
prandial) and terminal (pre-meal delivery) (Rushen, 1984), and the underlying 
motivation of each may be explained differently when analysed in context of a 
proposed model by Hughes and Duncan (1988) to describe motivational processes 
(Figure 1.5). 
Figure 1.5 Model proposed by Hughes and Duncan (1988), showing the division of behaviour into 





+ve Modulates external stimuli 
Appetitive 
behaviour 
+ve followed by 
-ve 
Consummatory 1 Functional 
behaviour consequences 
The model is based on the premise that goal-directed behaviours have two distinct 
components, anticipatory/appetitive and terminal/consummatory (for review see 
Berridge, 1996). Depending on the state of internal `organism variables' (e. g. blood 
glucose levels), motivation to perform consummatory behaviour (e. g. feeding) can 
result. Consequently, appetitive behaviour takes place (e. g. locomotory action to 
access food), followed by the consummatory act. The appetitive behaviour has a 
positive feed-back on motivation and is thus self-reinforcing. The act of 
consummation has a number of effects; 1) functional consequence (e. g. elevated 
blood glucose), which leads to negative feed-back on organism variables with a 
subsequent effect on motivation, 2) direct feed-back on motivation, initially positive 
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and then negative, and 3) an effect on perception of the animals environment which 
again influences the underlying motivation of the behaviour. Hughes and Duncan 
(1988) argued that stereotypier are appetitive in origin because the restrictive nature 
of the animals environments prevents consummatory behaviours from being 
performed. Lack of consummation and subsequent functional consequence means 
that no negative feedback on motivation takes place (see Figure 1.5). Appetitive 
behaviours thus continue and because they are self-reinforcing, the animal gets 
locked in a positive feed-back loop where the restrictive nature of the environment 
`channels' the behaviour into a limited number of discrete acts performed repeatedly. 
This has been considered to be the basis of stereotypic behaviour (Lawrence and 
Terlouw, 1993; Rushen et al., 1993). Thus, post-prandial stereotypies are the result of 
continued eating motivation arising from restriction of food supply; the lack of 
negative feed-back sustains the motivation to eat resulting in the continued 
performance of an appetitive behaviour (Rushen, 1984; Lawrence and Terlouw, 
1993). Similarly, pre-feeding stereotypies, in response to external stimuli that signal 
food arrival, result from a confined environment which prevents and, thus, sustains 
the motivation to perform locomotory action to gain food. These terminal 
stereotypies may become conditioned to the external stimuli, such that with time, the 
performance of the behaviour becomes emancipated from its original underlying 
motivation (Rushen, 1984; Mason and Mendl, 1997). 
Stereotypies are, however, not always performed in the context of food arrival or 
feeding. These between-meal or `facultative' (Rushen, 1984) stereotypies do not 
differ morphologically from interim or terminal stereotypies, however, they are more 
difficult to explain in terms of the Hughes and Duncan model (1988) because 
frustration of appetitive or consummatory behaviours is less apparent. It may be that 
these behaviours arise from the continued motivation to perform non-feeding 
consummatory or associated appetitive behaviours e. g. social behaviour. This would 
explain why lack of social behaviour has also been implicated as a causal factor of 
stereotypy. General `arousal' has also been suggested as a causal factor, however, 
this term has been criticised for its lack of definition in a behavioural context 
(Rushen et al., 1993). Alternatively, it may be that these stereotypies have an internal 
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functional consequence (e. g. are rewarding), thus the behaviours may act to counter 
the effect of a lack of environmental stimulation on organism variables. This 
suggests a potential function of stereotypic behaviour and will be discussed further in 
the following section. 
To summarise, evidence suggests that the majority of stereotypies are appetitive 
behaviours, the response to specific stressors that prevent consummatory (feeding, 
social contact) and related appetitive (locomotion) behaviours from being performed. 
These stressors are the result of a confined environment restricting movement and 
interaction with conspecifics, and also restriction of food supply. Thus, it is 
reasonable to conclude that no underlying motivation for stereotypy exists, but rather 
the behaviour is the manifestation of the motivation to perform other 
appetitive/consummatory behaviours. The similarities in occurrence of stereotypies in 
response to specific environmental stimuli cross-species, indicates that this 
description of causal factors and underlying motivation may apply to several species. 
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1.2.3 PUTATIVE FUNCTION OF STEREOTYPIC BEHAVIOUR 
The definition of stereotypic behaviour states that it has `no apparent function'. In 
some instances, this has been abbreviated to `no function', and the behaviour has been 
viewed simply as the result of the repeated release of an internal/external stimuli 
where no behavioural competition from other motivational systems exist (Morris, 
1964) or, as a manifestation of a stress-induced neurological pathology (Ridley and 
Baker, 1982). There is, however, evidence to support other theories. 
The ̀ coping hypothesis' of stereotypies states that these behaviours are functional and 
act to protect the animal from the physiological consequences of stress (for review see 
Mason, 1991). Research directed at testing this hypothesis can be divided into three 
areas: 
1. the assessment of peripheral stress-related parameters2 pre- and post-stereotypy 
and pre- and post-stereotypy prevention; 
2. the assessment of the effect of performing the behaviour on the animal's 
perception of an aversive environment; 
3. the assessment CNS opioid activity pre- and post-stereotypy performance . 
Before interpreting this data, however, the way in which stereotypy could be 
functioning in a ̀ coping' capacity for different types of stressors needs to be clarified. 
Two putative coping functions are considered here to exist and will be termed as 1) 
`reward function' and 2) `behavioural need(s)'. The first ('reward function') 
describes the conventional view that the behaviour functions to protect the animal 
from the physiological consequences of stress by being rewarding (for review see 
Mason, 1991). This theory is supported by the persistent3 nature of stereotypy which 
is thought to indicate reward and by the Hughes and Duncan (1988) model that 
2Stress-related 
parameters are associated with the HPA axis and sympatho-adrenal (SA) axis where 
increased activity of either, as indicated by plasma corticosterone/cortisol levels and heart-rate/plasma 
catecholamine levels respectively, are considered to demonstrate a state of stress. This will be 
reviewed more extensively in Chapter 2. 
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suggested that appetitive behaviours (stereotypies) have a positive feed-back effect on 
their own performance. 
The Hughes and Duncan (1988) model also supports the second coping function and 
coping mechanism of stereotypy, that of `behavioural needs'. `Behavioural needs' is 
a term that has been used to describe highly motivated behaviours that when 
performed, have a significant internal physiological consequence in the animal (e. g. 
nest building by chickens) (Hughes and Duncan, 1988). It has been suggested that 
prevention of these behaviours may be stressful to the animal (for review see Jensen 
and Toates, 1993). In restrictive environments, where prevention of highly motivated 
appetitive and consummatory behaviours occurs and behavioural needs are perhaps 
not being met, the performance of stereotypy may be acting to regulate behavioural 
motivational processes and, thus, to prevent a stress response (Figure 1.6). In this 
sense, the stereotypy, by substituting and acting as a `behavioural need', may thus also 
have a coping function. 
3 Persistence has been demonstrated by stereotypier continuing regardless of energy cost (Cronin et 
aL, 1986a) or aversive conditioning (Fraser and Broom, 1990), and the fact that they are often 
`worked for' by the animal (Odberg 1984). 
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Figure 1.6 `Behavioural needs' function of stereotypy as illustrated by the Hughes and Duncan (1988) 
model showing stereotypy resulting from the prevention of appetitive or consummatory behaviour and 

















These two types of coping function can now be assessed in terms of the three areas of 
research listed above. 
1) Assessment of stress-related parameters pre- and post-stereotypy and pre- and 
post-stereotypy prevention 
Previously, it has been assumed that if stereotypies function to reduce stress, then 
stress-related parameters will reduce after stereotypy performance and prevention of 
the behaviour will lead to sustained elevated levels of these parameters. If stereotypy 
is acting as a `reward function', then this will be true but, in the context of 
`behavioural needs', the physiological responses may be different. According to this 
latter interpretation of the coping hypothesis, no change in stress-related parameters 
would be expected before and after stereotypy since the function is primarily 
homeostatic. However, prevention of the behaviour would also lead to a stress- 
response and this would be most pronounced in the context of events such as meal 
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delivery and food consumption where the animal is potentially most motivated to 
perform stereotypies as a substitute for the unobtainable appetitive or consummatory 
behaviours. This distinction is important when considering results from different 
studies that have measured stress-related parameters pre- and post-stereotypy and pre- 
and post-stereotypy prevention since the type of stressor and the stage of stereotypy 
development may dictate the way the stereotypy is functioning and subsequently the 
results generated. For example: 
1) stressors that do not involve prevention of appetitive or consummatory 
behaviours (e. g. environmental over-stimulation stressors associated with 
autism): the response may primarily adhere to `reward function' where stress- 
related parameters will increase prior to stereotypy performance and reduce 
afterwards. Prevention of the behaviour will lead to sustained elevated levels 
of stress-related parameters. 
2) stressors that involve prevention of appetitive or consummatory behaviours 
(e. g. feed restriction) and the stereotypy is established: the response may 
primarily be `behavioural needs' where stress-related parameters do not 
change prior to or after the performance of the behaviour i. e. the behaviour 
functions as a substitute for the unobtainable appetitive or consummatory 
behaviours. Prevention of the behaviour will lead to sustained elevated levels 
of stress-related parameters. 
3) stressors that involve prevention of appetitive or consummatory behaviours 
(e. g. feed restriction) and the stereotypy is newly developed: the response may 
be `reward function' where stress-related parameters will increase prior to 
stereotypy performance and reduce afterwards i. e. function of behaviour as a 
substitute for the unobtainable appetitive or consummatory behaviours has not 
been completely established. Prevention of the behaviour will lead to 
sustained elevated levels of stress-related parameters. 
These predicted effects on stress-related parameters are summarised in Figure 1.7. 
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Figure 1.7 Diagram illustrating the two putative `coping' mechanisms of stereotypy (a) ('reward 
function' and `behavioural needs') in terms of the effects of performing and preventing stereotypic 
behaviour on stress-related parameters (b). 
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Table 1.2 summarises studies that have measured the effect of performance and 
prevention of stereotypy on stress-related parameters. 
Table 1.2 The physiological effects of the performance of stereotypic behaviour and its prevention (4 
decrease. T increase. - no effect) 
Species and stereotypic behaviour Effect of performance Source 
HPA activity SA activity 
Children, stereotypic leg-swinging 1 Soussignan and Koch 
(1985) 
Calves, tongue-play y Seo et al, (1998) 





Pigs, oral stereo ies Schouten et al 991 
Rats; schedule-induced polydipsia 
SIP 
1 Brett and Levine, 
(1979) 
Rats; SIP Wallace et al (1983) 
Rats; SIP J Tazi et at (1986) 
Rats; SIP J Dantzer et at (1988) 
Horses; crib-biting 4. Lebelt et al. (1998) 
Species and stereotypic behaviour Method of stereotypy 
prevention 
Effect of prevention Source 
HPA activity SA activity 
Rats; SIP water removal % Tazi eta!. (1986) 
Rats; SIP water removal T Dantzer eta! (1988) 
Pigs; SIP water removal Dantzer and 
Mormede 1981 
Pis; SIP chain removal T Dantzer eta!. (1987) 
Pigs; drinking and post-prandial 
chain pulling 
nipple drinker and chain 
removal 
- Terlouw et at 
991b 
Pigs; post-prandial chain pulling chain removal - Schouten et al. 
991 
Horses; crib-biting removal of crib-biting 
surfaces 
- McGreevy and Nicol 
(1995) 
Bank-voles; stereotypic jumping T Kennes and De 
R cke 1988 
Mice; wire gnawing modification of lid tacute (l day); 
- chronic 
(I 0da s 
Wurbel and 
Stauffacher (1996) 
In rats, performing schedule-induced polydipsia (SIP) (a stereotypic drinking 
behaviour induced by intermittent food delivery) has been reported to increase 
(Wallace et al., 1983) and decrease (Tazi et al., 1986; Dantzer et al., 1988) HPA 
activity when compared to pre-stereotypy levels. Prevention of the behaviour has 
consistently increased HPA activity (Tazi et al., 1986; Dantzer et al., 1988), although 
this effect was only apparent when the behaviour was established and performed at a 
relatively high intensity (for review see Dantzer and Mittleman, 1993). Intravenous 
(i. v. ) injection of corticosterone also significantly (p<0.05) increased the intensity of 
this stereotypy, whereas adrenalectomy (lesion of the adrenal gland preventing 
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corticosteriod release) had the opposite effect (Mittleman et al., 1992). This effect 
was again only observed when the behaviour was well established and performed at a 
relatively high intensity. Thus, SIP appears to function as a `behavioural need' since 
prevention, in the context of food delivery, caused a stress-response. However, the 
behaviour also appears to have a `reward function' because it was elicited by high- 
levels of stress-related hormones. The reduction in HPA activity after the SIP session 
in the unrestricted animal, however, is more difficult to explain. This was in the 
context of food arrival and feeding, and thus, if the behaviour was functioning as a 
`behavioural need', no changes in stress-related parameters would be expected. This 
may suggest that the `schedule-induced' paradigm is in itself stressful to the animal; 
the pre-session HPA value may have reflected an anticipatory stress-response, which 
was subsequently reduced on performance of the stereotypy. Alternatively, it has 
been suggested that this post-session drop in HPA activity could be attributed to the 
metabolic consequences of ingesting either food or water (Dantzer and Mittleman, 
1993). 
Similar schedule-induced experiments have been carried out using feed-restricted 
pigs. Preventing schedule-induced chain manipulation (stereotypic chain 
manipulation induced by sessions of intermittent food delivery) did not affect plasma 
cortisol levels compared to pre-session values (Dantzer and Mormede, 1981). 
However, performing the behaviour was reported to significantly reduce (p<0.05) 
plasma cortisol levels compared to pre-session levels. Although these results suggest 
that the behaviour was functioning as a `reward function', pre-session levels were 
elevated above basal levels and it can thus be argued that the study demonstrated an 
anticipatory HPA response to the `schedule-induced' paradigm and not a reduction in 
HPA activity post-schedule-induced behaviour performance. When Dantzer et al. 
(1987) repeated their 1981 pig experiment by presenting intermittent food delivery 
(one session per day) over 21 days with either the chain present (stereotypy 
facilitated) or absent (stereotypy prevented), no significant difference in HPA activity 
was measured before and after the session at day 8 for both the chain and the no-chain 
group. However, by day 21 there was a trend of higher plasma cortisol post- 
compared to pre-session for the no-chain group, whilst for the chain group, plasma 
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cortisol significantly decreased (p<0.05). These results again suggest that the 
stereotypy was functioning more as a `reward function' than as a `behavioural need'. 
This study also clearly showed that reduction in HPA activity only took place once 
the intensity of the stereotypy had increased from 800 (day 8) to 1300 (day 21) (units 
not given). This again supports the view that the change in HPA activity is 
attributable to the intensity of the behaviour and suggests that the function of these 
behaviours only become physiologically apparent once they are well established. This 
may reflect physiological changes in the animal with time; it has been suggested that 
repeated performance of a behaviour can sensitise neural pathways within the CNS 
involved in the underlying control of the behaviour (Dantzer, 1986). 
When pigs were fed twice per day, prevention of stereotypy had no effect on plasma 
cortisol levels (Terlouw et al., 1991b) or heart-rate (Schouten et al., 1991). However, 
in the former study removal of the chain was accompanied by an increase in the 
amount of post-prandial drinking, which did correlate with reduced cortisol levels. 
Thus, stereotypy was replaced with another oral behaviour (i. e. drinking), which 
potentially explains why a change in physiological parameters was not observed. 
However, Terlouw et al. (1991b) argued that excessive drinking and chain pulling are 
not comparable since the former may affect HPA activity without having a coping 
function. However, if HPA activity is contributing to the subjective experience of 
stress, then oral behaviour, whether it be drinking or not, that reduces HPA activity 
would have a stress-reducing function. 
Measuring physiological parameters before and after the prevention of stereotypies 
not specifically in the context of food arrival or feeding has yielded various results in 
different species. Prevention of stereotypic jumping by bank voles increased plasma 
levels of cortisol, which returned to basal levels once these animals established a new 
stereotypic behaviour (Kennes and De Rycke, 1988). This suggests that the 
stereotypy was functional, but it is difficult to determine whether the behaviour was 
functioning as `behavioural needs' or `reward function' in this instance. In another 
study, prevention of stereotypic behaviour of caged mice caused an acute (24h), but 
not a chronic (10 days), stress response (HPA activity) (Wurbel and Stauffacher, 
1996). This suggested that stereotypy was not functioning either as a `behavioural 
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need' or as a `reward function'. It may be, however, that the mice in this experiment 
adapted to the new environmental situation by performing a non-stereotypic 
behaviour that also had motivational consequence thereby preventing a stress- 
response from being elicited. In the one study that has examined the physiological 
consequences of preventing crib-biting in horses, achieved by removing appropriate 
crib-biting surfaces, no HPA response was elicited (McGreevy and Nicol, 1995). 
This suggests that this behaviour was not functioning as either `behavioural need' or 
`reward function'. For studies of this nature, however, that have reported no change 
in stress-related parameters after stereotypy prevention, it is possible that these results 
can be explained by limited motivation of the animal to perform these behaviours. If 
the motivation to perform stereotypies increases over time, potentially via a neural 
sensitising process (Dantzer and Mittleman, 1993), then it may be that the 
stereotypies of these experimental animals were not well established. Thus, a stress- 
response would not have been elicited on prevention of the behaviour. This factor 
must be considered when interpreting the results. 
Other studies have measured stress-related parameters before and after the 
performance of stereotypies without preventing the behaviour (Table 1.2). Heart rate 
was significantly reduced (p<0.05) after, compared to before, crib-biting behaviour in 
horses (Lebelt et al., 1998), stereotypic leg-swinging in children (Soussignan and 
Koch, 1985, cited by Mason, 1991), and also for calves performing stereotypic 
tongue-play (Seo et al., 1998). These behaviours appear to have a `reward function' 
but to confirm this, stress-related parameters should have been measured prior to 
stereotypic behaviour and confirmed as being elevated. For example, in the calf study 
mean heart-rate (beats per minute)(±SD) was 90.1 (±11.7) before, 86.1(±9.5) during 
and 88.6(±9.5) after tongue-playing sessions. No basal levels were given. Thus, this 
study demonstrates that stereotypy caused a slight but significant reduction in SA 
activity but does not indicate that the onset of the behaviour correlated with an 
elevation in stress-related parameters; a reward function can, therefore, be inferred but 
was not demonstrated directly. In contrast, oral stereotypic behaviour in pigs was 
observed to have no effect on heart-rate values (Schouten et al., 1991). Here, the 
stereotypy and heart-rate measurements were in the context of feeding and the 
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behaviour may have been functioning as a `behavioural need' in which case no 
changes in SA activity before or after the behaviour would have been expected. One 
other study has reported a significant reduction in abomasal ulceration in calves that 
performed stereotypic behaviour compared to those that did not (Wiepkema et al., 
1987). This suggests that these behaviours may have a protective function against the 
physiological consequences of stress. 
The results discussed in this section demonstrate that studies that have measured 
stress-related parameters in the context of stereotypy performance or prevention are 
not easily interpreted in terms of the putative function of the behaviour. It is difficult 
in some instances to determine whether prevention/performance was in the context of 
a stressor or food-delivery/consumption. This information is vital if the results are to 
be interpreted correctly, for example, a stress-response from stereotypy prevention can 
be interpreted either as supporting the `behavioural needs' or the `reward function' 
hypothesis of stereotypy. However, a number of studies have clearly indicated that 
stereotypies, once well established and performed at relatively high intensities, reduce 
HPA/SA activity in the animal. This supports the `reward function' coping 
hypothesis for these behaviours. For horses, only crib-biting has been studied in this 
respect and the significant drop in heart-rate post-stereotypy indicated that this 
behaviour is also functioning to reduce stress levels. However, the fact that 
prevention of this behaviour was not found to cause an elevation in HPA activity does 
contradicted this conclusion somewhat. Results to date, therefore, for equine 
stereotypy are inconclusive with regard to the function of these behaviours. 
2) Assessment of the effect of performing the behaviour on the animal's perception of 
an aversive environment 
Using a different type of experimental approach, stereotypic behaviour of voles was 
reported to alter the animals' perception of its environment (Cooper and Nicol, 
1991). Using a choice test scenario, animals that performed stereotypy had a reduced 
preference as to whether they were in a barren or an enriched environment. The 
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authors concluded that stereotypic behaviour allowed the animal to cope with a sub- 
optimal environment via a change in environmental perception. However, this 
conclusion has been criticised since the enriched environment may have impeded the 
performance of stereotypic behaviour (Rushen, 1993). These results have thus not 
proved conclusive in determining the function of stereotypic behaviour. 
3) Assessment CNS opioid activity pre- and post-stereotypy performance. 
Work by Cronin et al. (1986b) added another dimension to the coping hypothesis 
debate. They observed that administering an opiate antagonist (naloxone) to pigs 
caused a significant reduction in stereotypic chain chewing. They concluded that 
stereotypic behaviour was associated with endogenous opioid release, and interpreted 
this as indicating a coping function since opioids have a calming/de-arousing effect. 
Other studies have reported a similar effect in horses (Dodman et al., 1987) bank 
voles (Keanes et al., 1988), chickens (Savory et al., 1992) and pigs (Rushen et al., 
1990; Schouten and Rushen, 1992). The last two studies (Rushen et al., 1990; 
Schouten and Rushen, 1992), reported that the duration, rather than the frequency of 
the behaviour, was affected by naloxone administration. The authors concluded that 
naloxone was inhibiting the opioid-mediated positive feedback maintaining the 
performance of the behaviour, thus suggesting that stereotypy caused the opioid 
activity. This supports the view that stereotypic behaviours are self-reinforcing and 
thus potentially rewarding in their own right. However, in the 1990 study Rushen et 
al, also examined the effect of feeding and stereotypy performance on pain threshold, 
assuming this to be an indicator of opioid activity within the CNS. The pain 
threshold increased after feeding but was unaffected by the performance of 
stereotypy; the authors concluded that stereotypic behaviour was not a pre-requisite 
for increased opioid activity. This contradiction between the two studies may be 
explained by stereotypic behaviour eliciting opioid activity within a brain region 
different to that associated with analgesia. Or, it may be that the class of opioid 
receptor for pain control and stress-reduction may differ, such that measuring pain 
threshold after stereotypy performance would imply nothing about the behaviour's 
potential coping function. In a similar study using horses, a significant increase 
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(p<0.05) in the pain threshold immediately after crib-biting sequences was reported 
(Lebelt et al., 1998). This may indicate species differences in the function of 
stereotypic behaviours (pigs versus horses) or, that in the latter experiment, the 
measured opioid activity was also the result of feeding and not the post-prandial 
stereotypy but that the two could not be differentiated neurochemically given the 
experimental design. 
Generally, the opioid-coping theory has received criticism (Dantzer, 1991; Zanella et 
al., 1996). It has been stated that if stereotypic behaviour was inducing endogenous 
opioid release, then blocking opioid receptors with opiate antagonists should result in 
an increase in stereotypic behaviour as the animal attempts to compensate for the 
lack of available endogenous opioid The fact that opiate antagonists reduce 
stereotypic behaviour supports the opposite view, which is that the endogenous 
opioids are causing the behaviour, i. e. opioid activity is occurring before rather than 
after stereotypy. Thus, stereotypic behaviour may have no actual function, but 
simply be a side-effect of increased opioid activity within the CNS. However, this 
may be an oversimplification of the underlying neurochemistry involved and will be 
discussed further in section 1.3.3. 
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Conclusion 
It has been suggested that stereotypic behaviour has a coping function that can be 
separated into two components: 
1. as a `behavioural need' substituting for environmentally-prevented, highly 
motivated appetitive and consummatory behaviours and thus preventing a stress- 
response; 
2. by having reward characteristics ('reward function') that protects the animal from 
the physiological consequences of environmental stressors. 
The main areas of research that have tested this `coping hypothesis' are : 
1. assessment of HPA activity pre- and post-stereotypy and pre- and post-stereotypy 
prevention; 
2. assessment of the effect of performing the behaviour on the animal's perception of 
an aversive environment; 
3. assessment of stereotypy performance on CNS opioid activity. 
All three areas of research have yielded controversial and, to some degree, 
inconclusive results. However, the physiological effects of performing or preventing 
stereotypy are more conclusive when the stage of development of the stereotypy is 
taken into account; results have suggested that stereotypy functions as a `reward 
function' once the behaviour is well established and performed at a relatively high- 
intensity. 
For equine stereotypies contradictory results also exist; one study has reported no 
significant effect of preventing crib-biting on HPA activity (McGreevy and Nicol 
1995) suggesting that this equine stereotypy does not function as a ̀ behavioural need' 
or `reward function' whereas the Lebelt et al. (1998) study that measured pain- 
threshold and heart-rate post-crib-biting suggested that the behaviour does function 
as a ̀ reward function' to reduce stress levels of the animal. 
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1.3 STEREOTYPIC BEHAVIOUR: A NEUROCHEMICAL 
PERSPECTIVE 
1.3.1 INTRODUCTION 
Before the putative cause and function of stereotypic behaviour can be discussed 
from a neurochemical perspective (section 1.3.3), the current understanding of the 
underlying neurochemical mechanism of these behaviours must be outlined (section 
1.3.2). 
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1.3.2 THE UNDERLYING NEUROCHEMICAL MECHANISM OF 
STEREOTYPIC BEHAVIOUR 
Introduction 
Understanding the neurochemistry of psychostimulant-induced (PI) stereotypies may 
provide useful information about the neurochemistry of environmentally-induced (EI) 
stereotypies since parts of the underlying control mechanism may be common to both 
(Cabib, 1993). Since more research has been carried out on PI compared to EI 
stereotypies, the underlying neurochemistry of the former will be discussed first. 
Neuroanatomy and terminoloLy 
The two regions within the brain that are of primary importance in the study of 
stereotypic behaviour are the basal ganglia and the limbic system (Cabib, 1993). The 
former is part of the brain stem and includes the putamen, caudate nucleus and the 
globis pallidus (pallidum) regions. The neostriatum describes both the putamen and 
caudate nucleus regions combined (Cohen and Sherman, 1997b) and is sometimes 
referred to as the caudatus putamen (Cabib, 1993) (Figure 1.8). The limbic system is 
generally considered to include the cingulate, the parahippocampal, the prefrontal 
and the anterior temporal aspects of the cerebral cortex, the hippocampus, the 
amygdala and the nucleus accumbens regions of the brain (Cohen and Sherman, 
1997a) (Figure 1.8). 
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1 Ps chostimulant-induced stereotypic behaviour 
Introduction 
Stereotypic behaviour can be induced by administrating drugs agonistic to a) 
dopamine (DA), b) endogenous opioids and c) serotonin, either by direct stimulation 
of the respective receptor or, by increasing the amount of neurotransmitter available 
within the synapse of the neurone. The underlying mechanism is thus mediated via 
the neurons and synapses belonging to these neurotransmitters; studies that have 
induced stereotypy by administrating such agonists are reviewed below. 
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Figure 1.8 Diagram showing the anatomical relationship between the neostriatum 
(green), nucleus accumbens (yellow) and the amygdala (red) in the human 
brain (Adami and Aguera 1990). 
(a) DA-induced stereotypic behaviour 
DA-induced stereotypic behaviour was first reported in 1893, when administration of 
apomorphine (i. v. ) caused crib-biting behaviour by horses (Frohner, 1896). Sixty 
years later, during the 2nd World War, there were anecdotal reports of human 
stereotypic behaviour following the administration of the DA agonist amphetamine 
(for review see Cooper and Dourish, 1990). The first laboratory study was in 1963, 
when Randrup et al. induced stereotypic behaviour by administering D-amphetamine 
(i. v. ) to rats. Similar studies have since been reported for cattle, pigs and sheep (for 
review see Sharman et al., 1982). DA agonist-induced stereotypic behaviour is thus 
well documented. 
Research was subsequently directed at identifying the brain region controlling 
stereotypic behaviour, initially by injecting DA agonists directly into brain tissue (see 
Cooper and Dourish, 1991, for review). Results indicated that the neostriatum region 
was associated with control of stereotypic behaviour whilst the nucleus accumbens 
region was linked to the control of locomotory behaviour. These findings were 
confirmed by studies that used the DA neurotoxin, 6-hydroxydopamine (6-OHDA) to 
neurochemically lesion parts of the brain; lesions of the neostriatum attenuated 
stereotypy whereas lesions of the nucleus accumbens region attenuated locomotion 
(for review see Robbins et al., 1990). The ability to identify brain regions controlling 
stereotypy was furthered by the technique of intracerebral dialysis (Ungerstedt et 
al., 1982; Zetterstrom et al., 1983). This allowed DA activity to be measured in 
specific brain regions during the performance of drug-induced behaviours in awake 
animals. Results also confirmed the original findings that DA activity within the 
neostriatum was associated with stereotypy whilst that of the nucleus accumbens 
correlated with locomotory behaviour (for review see Cooper and Dourish, 1990). 
However, other studies have since indicated that the relationship between brain 
region and behaviour is more complicated than originally thought. Stereotypic 
behaviour has been observed after injecting a DA agonist into the nucleus accumbens 
of rats (Annett et al., 1983), and a higher intensity of stereotypy reported when both 
the neostriatum and nucleus accumbens were injected simultaneously (Robins et al., 
1990). In addition, systemic injection (i. e. injection into the peripheral blood system) 
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compared to local injection of a DA agonist into one of the above brain regions 
caused a higher intensity of stereotypic behaviour (Robins et al., 1990). These 
results suggested that a number of DA pathways were involved in the control of 
stereotypy; a theory first proposed by Fink and Smith in 1985. In support of this, 
Kuczenski et al. (1991) reported no temporal correlation between stereotypy 
performance and DA release in either the nucleus accumbens or the neostriatum 
region of rats after systemic DA agonist -administration and concluded that other 
brain regions were involved in the control of the behaviour. Furthermore, when rats 
were placed in a novel environment, no stereotypy was performed following systemic 
DA agonist administration. However, if the hippocampal or neocortical brain regions 
of the same rats were lesioned, stereotypic behaviour was then observed (see Robins 
et al., 1990, for review). This suggested that the novel environment was inhibiting 
stereotypy via activation of the hippocampus and neocortex. Thus, even though the 
nucleus accumbens and neostriatum appear to be the primary brain regions involved 
in the control of stereotypy, other brain regions strongly modulate the performance of 
the behaviour. Figure 1.9 illustrates the relationship between the nucleus accumbens 
and the neostriatum, in the context of other brain structures, and shows how the 
direction of neural information is currently thought to culminate in the performance 
of stereotypic behaviour. 
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Figure 1.9 A putative model of the underlying, neurochemical control of stereotypic behaviour 
(Cabib, 1993, adapted from Robbins eta!., 1990). 
Amygdala Hippocampus Prefrontal cortex 
Ventral Tegmentum Nucleus Thalamus 
Area -º Accumbens Ventral pallidum 
Latera benula º 
Substantia -ý Neostriatum Dorsal pallidum 
nigra 





(b) Opioid-induced, stereotypic behaviour 
The clinical effects of exogenous opiate administration are normally analgesia, 
sedation and reduced motor activity (Yamada and Nabeshima, 1995). However, in 
some species (e. g. mice, horses and pigs) exogenous opiate administration also 
causes behavioural excitement, including stereotypy (for review see Oliverio, 1984). 
The dichotomy in behavioural response is thought to depend on the class of opioid 
receptor being stimulated (Cabib, 1993). Three receptor types are considered 
important in this respect: mu (µ), the receptor for morphine and the primary receptor 
for beta-endorphin; delta (S), the receptor for enkephalin; and kappa (x), the receptor 
for dynorphin (for review see Meyer et al., 1993). The neurochemical and 
behavioural effects of agonists specific to each receptor type are summarised in Table 
1.3 and discussed below (sections i-iii). 
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Table 1.3 Summary of the neurochemical and behavioural effects of systemic and local administration 
of mu, delta and kappa opioid receptor agonists to rodents and horses. 
Source Routelarea of DA increase (T) or Behaviour increase (T) decrease (1) or no 
administration decrease of ect(-) 
Nucleus Caudate Stereotypic (oral[O], Locomotory- 
accumbens nucleus locomoto L) non-stereotypic 
AIu 
(Mama eta!., i. v. T(O) T 
1992) 
Dichiara and subcutaneous (s. c. ) 
Imperto (1988) T T - T 
Spanagal et at intracerebroventricular 
(1991) (i. c. v) T - 
T 
Morelli et al, substantia nigra 
(1989) T(O) 
Longoni et al. nucleus accumbens 
(1991) 1 - 
Hoffman et at ventral pallidum 
(1991) T 
Longoni et a!. caudate nucleus 
(1991) 




Morelli et at substantia. nigra 
(1989) T 
Hoffman et at ventral pallidum 
(1991) T 
Spanagal eta!. i. c. v. 
(1990) T 
Longoni et al. nucleus accumbens 
(1991) T t(o) - 
Meyer et al. nucleus accumbens T(L) 
(1995) 
Longoni et al. caudate nucleus 
(1991) - - 
Matsumoto et substantia nigra T(L) 
at (1988) 
Kappa 
Mama et al. i. v. - 
992 
Dichiara and S. C. 
Imperto (1988) 
Spanagal et at i. c. v. 
(1990) 
Hoffman et at ventral. pallidum 
(1991) 
Friederich et al. substantia nigra T(L) 
(1987) 
Matsumoto et substantia nigra T(L) 
at 1988 
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(i) Mu receptor agonists 
Systemic i. v. administration of the mu agonist fentanyl caused increased locomotory 
and crib-biting behaviour by horses (Mama et al., 1992) and increased locomotory 
activity and DA release within the nucleus accumbens and caudate nucleus regions of 
the brain in rats (Dichiara and Imperato, 1988; Spanagel et al., 1991). If across- 
species homology of the underlying neurochemical mechanism exists, these results 
would suggest that opioid-induced equine stereotypy is mediated via DA activity 
within the nucleus accumbens and caudate nucleus regions of the brain. However, 
when a mu agonist (PLO17) was injected locally into the nucleus accumbens and 
caudate nucleus of rats, motor inhibition and no change in DA activity in either 
region was reported (Longoni et al., 1991). This would suggest that other brain 
regions are involved in the control of stereotypy since the behavioural effects of 
systemic administration were not mirrored by local injection into the nucleus 
accumbens or caudate nucleus region of the brain. This is supported by the findings 
that stereotypic circling and gnawing were observed in rats after direct injection of a 
mu opioid agonist into the ventral pallidum (Hoffman et al., 1991) and substantia 
nigra regions of the brain (Matsumoto et al., 1988; Morelli et al., 1989); the latter 
could be attenuated by administration of a DA antagonist. Thus, although it is 
evident that mu opioid receptors are involved in the control of stereotypic behaviour 
(via DA activity), the brain regions in which these receptors are being stimulated for 
the behaviour to take place is not completely clear. However, the nucleus 
accumbens, neostriatum, ventral pallidum and substantia nigra regions appear to be 
the most important in this respect. 
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(ii) Delta receptor agonists 
A number of studies (Morelli et al., 1989; Hoffman et al., 1991; Longoni et al., 
1991; Meyer and Mclaurin, 1995) have demonstrated that local administration of a 
delta agonist into the nucleus accumbens, ventral pallidum and substantia nigra of 
rats induced stereotypic behaviour that could be attenuated by the subsequent 
administration of a DA antagonist. Thus, delta and mu opioid agonists appear to 
cause stereotypic behaviour via stimulation of DA neurons within similar regions of 
the brain. 
(iii) Kappa receptor agonists 
Several studies have suggested that kappa receptors are not involved in the 
underlying control of stereotypic behaviour. For example, administration of the 
kappa agonist U50,488H (i. v. ) had no affect on the behaviour of horses (Mama et al., 
1992) and the administration of several kappa agonists (U50,488H, bremazocine and 
tifluadon) to rats (s. c. ) decreased DA levels in the nucleus accumbens and the 
caudate nucleus, and reduced motor activity (Dichiara and Imperato, 1988). 
Furthermore, injection of kappa agonists into the ventral pallidum had no behavioural 
effect on rats (Hoffman et al., 1991) and systemic administration of the same 
agonists has been reported to attenuate metamphetamine-induced stereotypic circling 
behaviour by rats suggesting that this opioid agonist is antagonistic to DA release 
(Ohno et al., 1989). All of these studies, therefore, support the view that stimulation 
of kappa receptors reduces the level of behavioural activity of the animal. However, 
three studies using rats, have demonstrated that when a kappa agonist is injected 
locally into the substantia nigra region of the brain, stereotypic circling behaviours 
can be induced (Herreramarschitz et al., 1983; Friederich et al., 1987; Matsumoto et 
al., 1988). Thus, kappa receptors may be involved in the underlying control of 
stereotypic behaviour but, unlike mu and delta receptors, this may be limited to 
receptors within the substantia nigra region of the brain. 
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To conclude, current evidence suggests that opioid agonist-induced stereotypic 
behaviour is mediated via DA pathways within several regions of the brain 
previously associated with direct DA agonist-induced stereotypy. The most 
important regions are the neostriatum, the nucleus accumbens, the substantia nigra 
and the ventral pallidum. The behavioural effect of opioid agonist administration is 
dependent on the type of receptor being stimulated and the location of that receptor 
within the brain. Evidence suggests that only stimulation of kappa receptors within 
the substantia nigra region or, mu receptors within the ventral pallidum or substantia 
nigra regions, will cause stereotypy, whereas stimulation of the ventral pallidum, 
substantia nigra, neostriatum and nucleus accumbens will elicit stereotypic behaviour 
via delta receptors. 
(c) Serotonin (S-hydroxytryptamine; 5-Hl)-induced, stereotypic behaviour 
`Serotonin syndrome' describes the behaviours that occur following systemic 
administration of any drug that increase the release or availability of serotonin within 
the CNS. Some of these behaviours are stereotypic in nature (e. g. head-weaving and 
forepaw-treading) as demonstrated when 5-HT agonists were administered to rats 
(see Curzon, 1990, for review). Only one study has examined the effect of local 
infusion of 5-HT into the brain; injection into the lateral ventral neostriatum was 
observed to cause oral stereotypic behaviour in rats which could be attenuated by 
administering a DA antagonist (Yeghiayan and Kelley, 1995). This suggested that the 
mechanisms for serotonin and opioid agonist-induced stereotypy were similar since 
the final neurochemical pathway in each instance was via DA neurons (Curzon, 
1990; Yeghiayan et al., 1997). 
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Conclusion 
Research suggested that DA is the primary neurotransmitter involved in the 
underlying neurochemical mechanism of PI stereotypic behaviour and that the 
nucleus accumbens, neostriatum, ventral pallidum and substantia nigra are the 
primary brain regions. Administration of other neurotransmitters that have DA 
agonist properties such as opioids and serotonin, can also induce stereotypic 
behaviour based on rodent studies. However, a small number of experiments have 
reported DA and opioid agonist-induced stereotypy in other species, including the 
horse; this suggests that across-species homology of the underlying neurochemical 
mechanism may exist. 
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2) Environmentally-induced (EI) stereotypic behaviour 
Introduction 
The underlying neurochemistry of EI stereotypic behaviour will be examined from 
the following perspectives: 
a) neurochemical antagonists that attenuate the behaviour; 
b) physiological differences between stereotypic and non-stereotypic animals. 
(a) Neurochemical antagonists 
Antagonists for each neurotransmitter are discussed separately. The effect of 
antagonist administration on stereotypic behaviour will be presented as the reduction 
in percentage occurrence from baseline levels. Occurrence will either be the time 
spent performing the behaviour (time) or, the number of times the behaviour occurs 
within a time period (intensity), depending on whether the stereotypy was reported 
respectively as a behavioural state or as a behavioural event. 
(i) Dopamine 
Administration i. v. of the DA antagonist acepromazine significantly (p<0.05) 
reduced the occurrence of weaving behaviour of one horse (40% reduction) 
(Nurnberg et al., 1997). Administration of another DA antagonist, haloperidol, 
significantly (p<0.05) reduced the occurrence of oral stereotypy performed by pigs 
(20%) (von Borell and Humik, 1991), stereotypic jumping by bank voles (18%) 
(Kennes et al., 1988), stereotypic grooming by cats (>50%) (Willemse et al., 1994) 
and stereotypic pecking by chickens (reduction value not stated) (Kostal and Savory, 
1994). All the above studies reported no significant effect of haloperidol on normal 
behaviour, except Nurnberg et al. (1997) who did not examine this aspect of 
behaviour. The effect of the DA antagonist was thus considered specific to 
stereotypic behaviour and supported the view that EI stereotypy was mediated via a 
DA pathway. One study has reported attenuation of stereotypy following injection of 
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the DA neurotoxin 6-OHDA into the neostriatum region of the brain in rats 
(Antelman and Szechtman, 1975). Thus, the brain region and the neurotransmitter 
previously identified as intrinsic to the underlying mechanism of PI stereotypy appear 
to be involved in the underlying control of EI stereotypies. 
(ii) Opioid 
In a study using crib-biting horses, systemic administration of several opioid 
antagonists (naloxone, naltrexone and nalmefene) caused a complete cessation of 
crib-biting behaviour (Dodman et al., 1987). One of the crib-biting horses in this 
study also performed weaving behaviour which was reported to be unaffected by the 
administration of the antagonist. However, weaving has been reported to be reduced 
by 30% when naltrexone was administrated to one horse (Nurnberg et al., 1997). The 
latter study used a systematic method for measuring normal behaviour compared to 
the `casual' observations recorded by Dodman et al. (1987) and therefore, may 
represent a more scientific account of the behavioural effect. However, both studies 
used only one horse and thus the findings are of limited value. 
A significant reduction in stereotypic behaviour following the administration of an 
opiate antagonist has also been observed in other species; stereotypic grooming by 
cats (naloxone, >50%) (Willemse et al., 1994), tail-chasing by dogs (naloxone) 
(Brown et al., 1987), jumping by bank voles (naloxone, 24%) (Kennes et al., 1988), 
pecking by chickens (nalmefene) (Savory et al., 1992; Kostal and Savory, 1994) and 
chain-chewing by pigs (naloxone, 10-50%) (Cronin et al., 1986; Rushen et al., 1990; 
Schouten and Rushen, 1992). These findings suggest that endogenous opioids are 
involved in the underlying mechanism of EI stereotypic behaviour. However, this 
has been challenged by Rushen et al. (1992), who stated that these studies have not 
examined all of the behavioural effects of opioid antagonist administration and, 
therefore, may be making erroneous conclusions about the relationship between 
endogenous opioids and the underlying control mechanism of stereotypy. This point 
is exemplified by the study of Dodman et al. (1987) who, as well as recording a 
reduction in stereotypy, also reported an overall reduction in behavioural activity (a 
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sedative effect) of the horses following opiate antagonist administration. This 
observation was treated as irrelevant by Dodman et al. (1987) because the `riding 
ability' of the horses was unaffected, however, it may in fact have been this sedative 
effect that stopped the horses from crib-biting. Thus, although published research 
suggests a role for opioid involvement in the control of EI stereotypy, these studies 
must be repeated and a detailed analysis of the behavioural effects determined before 
any such conclusions can be drawn with confidence. 
(iii) Serotonin 
Only one published study has examined the effect of a serotonin antagonist on the 
performance of stereotypic behaviour. Nurnberg et al. (1997) reported a significant 
reduction (p<0.05) in weaving behaviour by 95% following administration of the 
selective serotonin re-uptake inhibitor paroxetine when administered to one horse. 
Little therefore can be concluded about the role of serotonin in EI stereotypies. 
Conclusion 
Stereotypic behaviour may be attenuated by DA, opioid and possibly by serotonin 
antagonists suggesting that the neurochemical mechanism controlling these 
behaviours involved these neurotransmitters. These studies may have limited value 
given that the full behavioural effect of antagonist administration has not been 
examined in detail. One study has indicated that the brain region involved in the 
control of EI stereotypy was the neostriatum. 
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(b) Physiological differences between stereotypic and non-stereotypic animals 
Mice strains that are predisposed to performing EI stereotypy (Fink and Reis, 1981; 
Sved et al., 1984) have been reported to have significantly lower basal levels of 
plasma prolactin compared to normal animals (Sved et al., 1985). These findings 
may be explained on the basis that these strains of mice have a higher number of DA 
neurons within the striatum (Fink and Reis, 1981; Sved et al., 1984); this would 
predispose the animal to perform EI stereotypy (Baker et al., 1985) and, because DA 
is a prolactin inhibiting-factor (Genuth, 1988a), would also decreases the basal levels 
of plasma prolactin. Thus, an animal may be genetically predisposed to perform EI 
stereotypy according to the number of dopamine neurons in the neostriatum. 
Sows performing stereotypic behaviour have been reported to have a significantly 
lower (p<0.05) number of kappa opioid receptors in the frontal cortex of the brain 
compared to control animals (Zanella et al., 1996). No difference between groups, 
however, was observed in the caudatum region for this receptor and no difference 
was observed between groups in the distribution of mu receptors. It is difficult to 
interpret these results in terms of the underlying neurochemistry of EI stereotypy, 
since the differences between groups of animals could be attributed to genotype, 
environmental factors that have caused the behaviour (e. g. stressors), the 
performance of the behaviour itself or, a combination of these factors. If the 
difference is not attributable to the performance of the behaviour, then the results 
concur with the previous findings for PI stereotypy, that striatal mu receptors are not 
involved in the underlying mechanism (Longoni et al., 1991) but, contradict other 
studies that have indicated that only kappa receptors of the substantia nigra are 
involved in the control of stereotypic behaviour (Matsumoto et al., 1988). 
Plasma leu-enkephalin (an endogenous opioid) levels have been reported to be 
significantly higher and met-enkephalin levels significantly lower, in cows that 
performed stereotypic tongue-rolling compared to controls (Redbo et al., 1990). This 
study suggests that factors associated with stereotypy (genotype, causal factors of 
stereotypy, stereotypy performance) also affect opioid physiology. This view is 
supported by the fact that plasma beta-endorphin levels have been shown to be 
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significantly lower in crib-biting compared to control horses; 2.3 versus 7.6 pg/ml 
(Gillham et al., 1994). In this study, the authors suggested that crib-biting horses had 
an impaired endogenous opioid release mechanism which induced a state of opioid 
receptor sensitivity in turn predisposing the animal to performing stereotypic 
behaviour. However, these findings are contradicted by McGreevy et al. (1996) who 
reported no difference between plasma beta-endorphin levels in crib-biting and 
control horses (326.46 versus 325.98 pg/ml) and Lebelt et al. (1998) who reported a 
significant increase (P=0.006) in plasma beta-endorphin levels in crib-biting 
compared to control horses (49.5 versus 16.2 pmol/1). The latter author speculated 
that age of the horses used in the different study may be responsible for the variation 
in results. 
Conclusion 
Animals that perform EI stereotypic behaviour have differences in dopamine and 
opioid physiology compared to control animals. It is difficult to determine whether 
these changes are due to a) genotype, b) the environmental, causal factors of 
stereotypy, c) the performance of the stereotypy or, a combination of these factors. 
Studies using rodents have indicated that genotype was the primary factor responsible 




A number of neurotransmitters and brain regions are common to the underlying 
mechanism for both EI and PI stereotypic behaviour. The underlying mechanism of 
EI stereotypy appears to involve DA activity within the striatal and nucleus 
accumbens regions of the brain. This is strongly modulated by the stimulation of 
opioid and serotonergic receptors that have an agonistic effect on DA release. 
45 
1.3.3 PUTATIVE CAUSES AND FUNCTIONS OF STEREOTYPIC BEHAVIOUR 
Introduction 
Having suggested a neurochemical basis for stereotypic behaviour, the putative 
causes and functions of these behaviours can now be assessed from a neurochemical 
perspective. 
1) Putative causal factors 
Introduction 
Causal factors previously implicated were: 
a) stress generally together with specific stressors associated with feed restriction, 
restriction of movement and social isolation; 
b) feeding; 
c) conditioned stimuli associated with the anticipation of meal delivery. 
The neurochemical consequences of these factors as well as the role of genotype (part 
d) are discussed below. 
(a) Stress 
The neurochemical effects of stress are numerous (for review see Anisman and 
Zacharko, 1990). Examples given in Table 1.4 are of neurotransmitters and brain 
regions shown to be involved in the underlying control of EI stereotypy. 
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Table 1.4 The neurochemical effects of stress in rodent species, with specific reference to dopamine, 
endogenous opioids and serotonin. 
Stressor Is stressor Stressor Brain region Source 




Dopamine activity (* behavioural effect can be attenuated by 
opioid antagonist administration 
Striatum Nucleus Frontal Amygdala Hippo- 
accumbens cortex campus 
Dopamine 
Low intensity no - - % - Inoue et at footshock (1994) 
High intensity no - T 1 T ? % Inoue et at footshock (1994) 
Low conditioned no - T - Inoue et al, fear stress (1994) 
High conditioned no - T T T T T Inoue et at fear stress (1994) 
Social defeat no - T 1 Tidey and 
Miczek (1996) 
Cold restraint no - T T T Dunn and File 
(1983) 
Intermittent tail no - I, T T Abercrombie et 
shock a!. (1989) 
Restraint and no - T T Dunn (1988) footshock 
Isolation rearing yes yes Robbins et al, 
(1996) 
Intermittent no yes T T* T" Cabib et at, 
immobilisation (1989) 
stress 
Food restriction yes yes - T - - Reid et al. 
(1998) 
Food restriction yes yes - - - Cabib and 
Bonaventura 
(1997) 
O ioid receptor b riding 
Striatum Nucleus Frontal Amygdala Ilippo- 
accumbens cortex campus 
O ioids 
Food deprivation yes - T(kappa) '(mu) Wolinsky et at 
(1994) 
Food deprivation yes - T(kappa) T(kappa) - Tsujii et al, 
(1986) 
Water deprivation no f(delta) T(delta) - - - Stein et at 
(1992) 
Immobilisation no - 1 (mu - - - Zeman e1 at 
stress and (1988) 
delta) 
Serotonin activity 
Striatum Nucleus Frontal Amygdala hippo 
accumbens cortex -campus 
Serotonin 
Low intensity no - - - - Inoue et at footshock (1994) 
High intensity no T T - Inoue et al, footshock (1994) 
Low conditioned no - - T - - Inoue et al, fear stress (1994) 
High conditioned no - T 1 1' Inoue et al, fear stress (1994) 
Psychological stress no - ? T - Kawahara et at 
(1993) 
Restraint and no - T T T - - Dunn 1988) footshock 
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Intermittent no yes Kennett et at, 
immobilisation (1985) 
Chronic no - T T Adell et al, immobilisation (1988) 
Isolation rearing yes Jones et at. 
(1992) 
Footshock no T T T Dunn (1988) 
Review of the literature, summarised in Table 1.4, demonstrates that various stressors 
activate DA activity in the neostriatal and nucleus accumbens regions of the brain 
(see Cabib, 1993, for review). Although these are the same brain regions implicated 
in the control of stereotypic behaviour, a simple relationship between stress-induced 
DA activity and stereotypy does not exist, as stressors not associated with the 
immediate onset of stereotypy (e. g. restraint and footshock or intermittent 
immobilisation) have the same neurochemical effect (for review see Robbins et al., 
1990). However, some of these stressors do have the ability to enhance (increase in 
intensity) amphetamine-induced stereotypy suggesting a neurochemical capacity to 
predispose (sensitise) the animal to performing the behaviour (Terlouw et al., 1992; 
Robbins et al., 1996; Cabib and Bonaventura, 1997; Campbell and Fibiger, 1997). 
Examples of these types of stressors are given in Table 1.4 and include food 
restriction, isolation rearing and intermittent immobilisation (Kennett et aL, 1985; 
Cabib et al., 1989; Jones et al., 1992; Robbins et al., 1996). This may suggest that 
stressors can be divided into two categories with regard to stereotypy development; 
1) those which predispose the animal to performing stereotypy via a neural 
sensitisation process and 2) those which predispose the animal to performing 
stereotypy via a neural sensitisation process but also cause direct stimulation of the 
behaviour. This theory will be expanded in the following sections. 
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(b) Feeding 
Feeding has previously been discussed as a factor that stimulates post-prandial 
stereotypic behaviours. With respect to the horse, palatability of feed is important 
because palatable feeds have been shown to induce the highest intensity of crib-biting 
(Kusunose, 1992; Gillham et al., 1994). Although palatability is difficult to define, 
due to the subjectivity of it's assessment, it is generally agreed to be 
"the hedonic response to a taste stimulus based on an integration of taste, the 
organism's nutritional state and prior association that together, determines 
acceptability of food " (Bellisle, 1989; Ossenkopp et al., 1995). 
This reward (hedonistic) aspect of palatable food suggests the neurotransmitters 
involved in the underlying neurochemical mechanism of palatability. Research has 
shown that reward is linked to DA activity within the mesoaccumbens ystem of the 
brain, in particular, the nucleus accumbens (for review see Chen, 1993). This is the 
same mechanism that controls the reward sensation of palatability, in conjunction 
with endogenous opioid pathways (Majeed et al., 1986; Mucha and Iversen, 1986; 
Bakshi and Kelley, 1994; Martel and Fantino, 1996; Kanarek et al., 1997). Thus, 
given the neurochemical basis of stereotypies, ingestion of a palatable food could 
have a neurochemical effect that, for the animal in a state of stress-induced 
sensitisation as previously described, could result in a stereotypic response. This 
would explain why stereotypic responses are greater when palatable food is offered. 
(c) Conditioned stimuli associated with meal delivery 
In studies that have examined the neurochemistry of conditioned stimuli associated 
with the presentation of food, the activation of the nucleus accumbens and the 
neostriatum appears to be intrinsic to the underlying mechanism (see Berridge, 1996, 
for review). Thus, meal delivery, like eating, would have the same neurochemical 
consequences in an animal previously sensitised by stress i. e. induce stereotypic 
behaviour. 
Cabib (1993) summarises this effect by stating: 




Some studies have investigated the geneology of stereotypic horses and have 
suggested that crib-biting, weaving and box-walking may have a genetic component 
(Hosoda, 1950; Vecchiotti and Galanti, 1986). However, the limited data presented 
disallows conclusions from being drawn. 
Other work, supporting a genetic predisposition to perform stereotypy, originates 
from research using different strains of mice. It has been demonstrated that mice 
strains which have more DA neurons within the nigrostriatal and mesolimbic DA 
systems (these are inclusive of the neostriatum and nucleus accumbens regions) are 
more prone to performing stereotypic behaviour in certain environments (Fink and 
Reis, 1981). In addition, strains of mice predisposed to performing food-restricted- 
induced stereotypic behaviour are also predisposed to performing stress-enhanced 
amphetamine stereotypy (Cabib and Bonaventura, 1997). These mice also have a 
greater number of DA receptors in the nucleus accumbens and neostriatum after 
being exposed to stress (Cabib et al., 1998). 
Thus, it appears that genotype and stress have an additive effect in predisposing the 
animal to performing stereotypy. This may explain why only some individuals 
perform stereotypies when kept in the same environment; not all will have the 
genotype and/or previous history of stress to be sufficiently predisposed/sensitised to 
performing the behaviour. 
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Discussion 
The neurochemical evidence presented supports the previously identified causal 
factors of stereotypy. This is summarised in Figure 1.10 
Figure 1.10 Diagram illustrating the inter-relationship of factors involved in the causal factors of 
stereotypic behaviour. 
Stimulation: 
Strr ssor Genotype 
1) drug; Sensitisation 
2) eating; 
3) meal delivery. º Sensitised brain -º Stereotypy 
regions 
However, this model does not account for the underlying motivation of stereotypic 
behaviour. This can potentially be explained in neurochemical terms when Figure 
1.10 is assessed in the context of the previously discussed Hughes and Duncan (1988) 
model. 
Hughes and Duncan (1988) put forward the idea that stereotypies stem from highly 
motivated, appetitive behaviours. If one examines the neurochemistry of appetitive 
behaviours, it is apparent that the DA mesolimbic system (in particular the nucleus 
accumbens region) is the main area of activity (see Berridge 1996 and Robbins and 
Everitt, 1996, for review). It follows, therefore, that if an animal has experienced 
neural sensitisation of this part of the brain (due to stress or genotype or both), the 
neurochemical consequences of ingestion of a palatable food or, of conditioned 
stimuli associated with meal delivery, would cause heightened motivation to perform 
appetitive behaviours (with the aim of reaching a consummatory goal) in these 
animals. If these behaviours cannot be performed, due to the restrictive nature of the 
animal's environment, adapted versions of appetitive behaviours (locomotion or non- 
eating oral behaviour) result i. e. stereotypy. This is supported by the fact that 
consumption of palatable foods (i. e. those foods which cause higher levels of nucleus 
accumbens stimulation) caused heightened eating motivation (Robert et al., 1997) and 
the most intense oral stereotypy response (Kusunose, 1992; Gillham et al., 1994; 
Robert et al., 1997). Thus, stereotypy caused by ingestion of palatable food or, by 
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conditioned stimuli associated with meal delivery, can be explained neurochemically 
from two perspectives; simple neurochemical stimulation of the behaviour (Figure 
1.10) or the neurochemical stimulation of motivation to perform appetitive behaviour. 
The latter explanation is presented in Figure 1.11. 




1) drug Sensitisation 
2) eating 
4 
3) meal delivery -j Sensitised brain 
regions 
Genotype 





Environmental P Stereotypy 
restriction of 
consummatory 
behaviours Consummatory behaviour 
e. g. stress-induced eating 
Figure 1.11 provides a more detailed explanation for why only some stressors elicit 
stereotypic behaviour. It is now evident that all stressors that have a neural sensitising 
effect may predispose the animal to perform stereotypy. However, only stressors that 
prevent the animal from performing consummatory behaviours are those that will 
actually induce stereotypic behaviour (e. g. confinement or restricted feeding). This 
theory is supported by a study (Bildsoe et al., 1991) that examined the effect of 
exposing stereotypy-performing mink to two stressors: repeated immobilisations and 
food restriction. The immediate response to immobilisation-stress was inhibited 
stereotypy performance, whereas food restriction enhanced the intensity of stereotypy 
performance. However, 2 weeks after exposure to each stressor, both groups were 
performing stereotypy at a greater intensity. Thus, only the stressor that prevented 
consummatory behaviour caused an immediate stereotypy response, but because both 
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stressors had neural sensitising properties, both increased the intensity of stereotypy in 
the longer term. 
Conclusion 
Stereotypy can be defined as `a highly motivated, appetitive behaviour that is the 
culmination of a neural sensitisation process induced by stress or predisposed by 
genotype and is performed in an environment where consummatory aspects of the 
behaviour cannot be satisfied'. 
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2) Putative functions 
Introduction 
A number of the points raised previously (section 1.2.3) in the context of the putative 
function of stereotypic behaviour can be expanded to include a neurochemical 
perspective: 
(a) the Hughes and Duncan (1988) model that showed stereotypic behaviour has 
reward characteristics; 
(b) the `reward function' of schedule-induced stereotypies that was only apparent 
once the behaviour was performed at high intensities ; 
(c) the criticism of the Cronin et al. (1986b) ̀ coping' hypothesis that opiate antagonist 
administration should increase rather than decrease stereotypy performance. 
(a) Hughes and Duncan model (1988) 
The Hughes and Duncan model (1988) presented stereotypies as appetitive 
behaviours that have a positive feed-back effect on their performance by the animal. 
As positive feed-back suggests a reward value, it is possible that these behaviours 
may eventually act as a substitute for the unobtainable consummatory behaviour by 
becoming a reward behaviour in their own right. In this respect, stereotypy could 
function as a substituted ̀ behavioural need' preventing a stress-response from being 
elicited and also, as a `reward function' that would counteract the physiological 
consequences of other stressors. 
In support of these hypotheses and from a neurochemical perspective, current 
neurochemical research suggests that appetitive behaviours are themselves rewarding 
i. e. the performance of these behaviours leads to stimulation of the part of the brain 
associated with reward (Ikemoto and Panksepp, 1996). In addition, stress-induced 
neural sensitisation is known to reduce reward-threshold (i. e. the same rewarding 
effect can thus be attained through relatively less brain stimulation or, enhanced 
reward elicited through the same amount of brain stimulation) (e. g. Jones et al. 1990). 
Thus, rewarding appetitive behaviours, when performed by sensitised animals, would 
54 
have enhanced reward qualities. This would potentially make them more 
consummatory rather than appetitive in nature allowing the behaviours to: 
1. self-stimulate in an environment lacking stimulation or, be used to counter specific 
stressors ('reward function'); 
2. substitute other unobtainable consummatory behaviours ('behavioural needs'). 
Thus, there is neurochemical evidence to support the Hughes and Duncan (1988) 
model that stereotypies function as a ̀ reward function' and as a ̀ behavioural need'. 
(b) The `reward function' of schedule-induced stereotypies was only apparent once 
the behaviour was performed at high intensities. 
The underlying motivation to perform stereotypy is potentially dependent on the level 
of neural sensitisation within the animal (see section 1.3.3). If the intensity at which a 
behaviour is performed reflects the level of motivation for that behaviour, then the 
results from schedule-induced studies previously reported (section 1.2.3; `reward 
function' was only fulfilled once the behaviour was well established and performed at 
relatively high intensities) suggest that a high level of neural sensitisation is required 
before the `reward function' of stereotypies can develop. Dantzer (1986) speculated 
that it was the repeated performance of the behaviour that was responsible for this 
neural sensitising effect. Thus, it may be that, as the behaviour becomes more 
established and the level of sensitisation increases, the functional role of stereotypy 
changes with time, from its development as a `behavioural need' where it is 
substituting an unobtainable consummatory behaviour, to `reward function' where it 
is counteracting the physiological consequences of a stressful environment or is being 
used to self-stimulate in an environment lacking stimulation. This would explain why 
some studies that have measured stress-related parameters before and after stereotypy 
performance or stereotypy prevention have generated variable results since animals 
used may have had stereotypies established to varying degrees. 
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(c) The criticism of the Cronin et al. (1986b) `coping' hypothesis 
The criticism of the Cronin et al. (1986b) `coping' hypothesis (Dantzer, 1991; 
Zanella et al., 1996) stated, that if stereotypic behaviour was causing endogenous 
opioid release to allow an animal to `cope', then blocking opioid receptors (with 
opiate antagonists) would result in an increase in stereotypy, as the animal attempts 
to compensate for the lack of endogenous opioid. The fact that opiate antagonists 
reduce stereotypic behaviour supports the opposite view, that the endogenous opioids 
are causing the behaviour, i. e. opioid activity is occurring before rather than after the 
performance of stereotypy. Thus stereotypic behaviour may have no actual function 
but may simply be a result of increased opioid activity within the CNS. 
It was considered (section 1.2.3) that this may be an oversimplification of the 
underlying neurochemistry involved. Administration of exogenous opioids are 
known to increase the motivation to perform rewarding behaviours, such as eating 
and sexual behaviours (Majeed et al., 1986; Mucha and Iversen, 1986; Band and 
Hull, 1990; Bakshi and Kelley, 1994; Wise, 1996), and also, to enhance the reward 
value associated with their performance (see Wise et al., 1992, for review). In 
addition, reward behaviours such as eating can be attenuated by opiate antagonist 
administration (Giraudo et al., 1993). Given that this antagonist is known to have a 
similar effect on stereotypic behaviour, the foregoing supports the putative function 




1. Neurochemical evidence supports the earlier interpretation of the Hughes and 
Duncan (1988) model, that stereotypic behaviours have both a `behavioural need' 
and a `reward function'. 
2. The rewarding aspect of stereotypic behaviour may become greater the more the 
behaviour is performed due to a neural sensitisation process. 
3. Closer examination of the underlying neurochemistry of stereotypy shows that 
studies which have reported the attenuation of stereotypy by opiate antagonist 
administration supports the view that these behaviours have reward characteristics. 
This, in turn, supports the Cronin et al. (1986b) ̀ coping hypothesis' of stereotypic 
behaviour. 
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1.4 CONCLUSIONS AND EXPERIMENTAL AIMS 
1.4.1 CONCLUSIONS 
1. Feed-related stereotypic behaviours (interim and terminal stereotypies) are caused 
by frustration of motivation to perform appetitive and consummatory behaviour 
associated with food arrival and food consumption. 
2. An animal may be predisposed to performing stereotypic behaviour if it has a state 
of CNS neural sensitisation (involving dopamine, opioid or serotonin neural 
systems). Sensitisation, and thus predisposition, may be induced by stress, result 
from the animal's genotype or be a combination of both factors. 
3. Stereotypic behaviour may function as either a `reward function', to reduce the 
physiological effects of stressors, or as a `behavioural needs' function, to 
substitute other appetitive or consummatory behaviour that cannot be performed 
due to the animal's environment. Scientific evidence gives greater support to the 
former of these putative functions. 
4. If stereotypies have a `reward function' then this partially explains the occurrence 
of non-feed-related stereotypies (faculative stereotypies); performing these 
behaviours would allow the animal to stimulate itself outside the context of food 
delivery or food consumption in an environment lacking stimulation. 
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1.4.2 EXPERIMENTAL AIMS 
A number of experimental aims were established on the basis of the above 
discussions to examine the cause and function of equine stereotypic behaviour: 
(1) The first experimental aim was to test the function of equine stereotypic 
behaviour by measuring stress-related parameters before and after the performance 
and prevention of the behaviour. In the context of Figure 1.7 which presented the 
predicted effect of stereotypy performance or stereotypy prevention on stress-related 
parameters depending on whether the behaviour was functioning as ̀ reward function' 
or `behavioural needs', a number of hypotheses can be proposed. Firstly, if the 
stereotypy functions as a `reward function', then measuring stress-related parameters 
outside of the context of meal delivery or food consumption should show an 
elevation in stress-related parameters prior to the onset of stereotypy followed by a 
reduction after the performance of the behaviour. If the function is `behavioural 
need' then stress-related parameters will not change before and after the performance 
of the behaviour. In theory, the latter will occur in the context of food delivery or 
feeding. In addition, if the stereotypy functions as a `reward function', then 
preventing the behaviour should induce an overall elevation in stress-related 
4 parameters. Whereas, if the stereotypy functions as a `behavioural need', then 
preventing the behaviour should also induce an overall elevation in stress-related 
parameters but, this elevation should be most pronounced in the context of food 
delivery or food consumption. 
(2) The second experimental aim was to test the function of stereotypic behaviour 
by opiate antagonist administration. It was discussed that attenuation of a behaviour 
by an opiate antagonist indicates that that behaviour has reward characteristics. In 
the context of stereotypic behaviour, this would support the view that these 
behaviours have a `reward function'. Although this attenuation effect has already 
been reported for horses (Dodman et al., 1987), it was considered that the work 
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should be repeated using a more rigorous method of behavioural assessment. This 
would ensure that any effect on stereotypy performance was specific to the behaviour 
and not due to a sedative effect that reduced the overall level of behavioural activity 
of the animal. 
(3) The third experimental aim was to investigate the role of beta-endorphin and 
dopamine in the causation of stereotypic behaviour by measuring plasma beta- 
endorphin and prolactin levels in stereotypy and non-stereotypy horses. Research to 
date has been inconclusive as to whether there are differences in plasma beta- 
endorphin between stereotypy and non-stereotypy horses levels and whether this is a 
factor in the development of the behaviours. Thus, further investigation into this area 
is warranted. It was also discussed that plasma prolactin has been reported to be a 
reliable indicator of dopaminergic activity within the CNS (Sved it al., 1985) where 
a correlation has previously been made between the predisposition of mice to 
perform stereotypy and plasma prolactin levels. Measuring plasma prolactin in 
stereotypy and non-stereotypy horses, thus, may provide an additional insight as to 
why these behaviours develop. 
Experiments based on the above aims are described in chapter 5. However, before 
this experimental programme could be carried out, fundamental decisions had to be 
made with respect to the following questions: 
1, which physiological and behavioural parameters could be reliably used to measure 
equine stress? (Chapter 2); 
2. how could these parameters be reliably measured? (Chapter 3); 
3. which opiate antagonist should be used and at what dose should it be given within 
an experimental trial? (Chapter 4). 
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CHAPTER 2 
MEASURING STRESS IN THE HORSE 
2.1 INTRODUCTION 
The subjective experience of stress for the individual animal prevents direct 
quantification. It can, however, be measured indirectly using certain behavioural and 
physiological parameters that are affected during the course of a stressful experience 
(Selye, 1936; Mason, 1975). Indeed, the definition of a stressor is commonly made 
in these terms: `an event or environment that can induce a physiological or 
behavioural response where the animal is said to be experiencing stress' (for review 
see Biondi and Zannino, 1997). Canon (1935) and Selye (1936) were the first to 
record physiological stress responses; increased activity (increased 
hormonal/neurotransmitter release) of the sympathetic nervous system (including 
adrenal medulla) and the HPA axis respectively. They showed that by measuring 
these responses, the `presence of stress' could be identified. Other physiological 
responses to stress have since been reported including changes in neurotransmitter 
metabolism within the CNS (section 1.3.3) and release of pituitary hormones not 
classically associated with the HPA axis, such as arginine vasopressin (AVP) 
(Genuth, 1988a), prolactin (Molitch, 1995) and the thyroid hormones T3 and T4 
(Josko, 1996). The hypothalamus is involved in the underlying mechanism of all of 
these physiological responses. It is the most terminal part of the brain's limbic 
system, and has been described as the structural link that allows the emotional state 
of an animal to manifest itself physiologically outside of the CNS (Cohen and 
Sherman, 1997a). 
Other physiological responses occur subsequent to increased activity of the SA and 
HPA axis; immuno-suppression, reproductive dysfunction and deterioration of the 
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gut lining are the three most obvious examples (Wiepkema and Koolhaas, 1993). 
These, in turn, can lead to a reduction in the overall fitness of the animal (i. e reduced 
growth rate, reduced reproductive success or increased mortality), and have direct 
implications for the animal's welfare (for review see Fraser and Broom, 1990). 
These subsequent stress responses can be termed `secondary responses' in 
comparison to the `primary responses' of the SA and HPA axis. 
The overall response to stress is one of adaptation, with the aim of removing the 
animal from a stressful situation. This adaptation, as well as being physiological in 
nature, can also be behavioural; thus, changes in behaviour can be a useful 
quantitative measure of stress. (e. g. Friend, 1991). 
Specific examples of stressors and stress responses for equine and non-equine species 
are reviewed in the following sections; these are divided into acute and chronic 
(including chronic intermittent) stressors. From previous descriptions (Marie et al., 
1996; Hellriegel and Dmello, 1997), the criteria for acute stress will be one event 
within a 24h period lasting not longer than 2h, whilst 12h or more of continuous 
stress or repeated acute stress on consecutive days will be considered to constitute 
chronic stress. 
62 
2.2 PHYSIOLOGICAL RESPONSES TO STRESS 
2.2.1 INTRODUCTION 
Biological systems relevant to stress physiology are described; the HPA axis, the SA 
axis and background information relating to prolactin, arginine vasopressin and 
thyroid hormone release. 
This is followed by a discussion on published studies that have used parameters 
relating to these systems to measure stress in the horse. 
2.2.2 STRESS PHYSIOLOGY 
Hynothalamo-pituitary-adrenal (HPA) axis 
An outline of stress-induced hormonal activity within the HPA axis is presented in 
Figure 2.1. Physical and psychological stress, both acute and chronic, releases 
corticotropin-releasing hormone (CRH) from the median eminence of the 
hypothalamus into the superior hypophyseal artery, where it is transported to the 
adenohypothesis (anterior pituitary) (for review see Genuth, 1988c). CRH stimulates 
transcription of mRNA production encoding the peptide pre-proopiomelanocortin 
(POMC) within corticotrophin cells of the anterior pituitary. Sequential processing 
(cleavage) of this compound produces adrenocorticotropin hormone (ACTH), beta- 
lipotropin, gamma-lipotropin, beta-endorphin (for review see Genuth, 1988c) , which 
are released simultaneously into the long portal vein and the peripheral blood system. 
Thus, CRH increases POMC production, processing and release from the 
corticotrophin cells (for review see Holm and Majzoub, 1995). 
Although CRH is the main secretagogue of ACTH, other peptides and monoamines 
(such as oxytocin, vasointestinal peptide, adrenalin and noradrenalin) are also known 
to modulate its release (for review see Huether, 1995). The primary target cells of 
ACTH are in the cortex of the adrenal gland, where it stimulates corticosteriod 
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release (e. g. cortisol) into the peripheral blood system (for review see Genuth, 
1988a). Negative feedback systems operate to control these hormonal levels (Figure 
2.1). Corticosteriods are present in two forms, those which are protein-bound 
(-90%) to either corticosteriod-binding globulin (CBG) (-85%) or to albumin 
(-15%), or those which are termed `free' or unbound (e. g. Kirschbaum and 
Hellhammer, 1989) (Kirschbaum and Hellhammer, 1989). Only the latter are 
biologically active (e. g. Ekins, 1990). 
Regular stimulation of the adrenal gland with ACTH can result in a state of adrenal 
hypersensitivity, such that the amount of corticosteriod released increases (for review 
see Johnson et al., 1992). An animal experiencing chronic stress will thus have 
greater corticosteriod release following exogenous ACTH administration (ACTH 
challenge) compared to non-stressed animals; this has been used as a technique to 
assess the stress status of the animal (Janssens et al., 1994). 






ACTH, B-endorphin, lipotropin 
Adrenal gland Cortisol 
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Sympathetic-adrenal (SA) axis 
The sympathetic nervous system is responsible for the `fight or flight' syndrome and 
is activated predominantly during acute stress (for review see Genuth, 1988a). 
Innervation of this nervous system stems predominantly from the hypothalamic 
region of the brain and travels, via the spinal chord, to several organs, the most 
important of which, in regard to the stress response, is the adrenal medulla. 
Activation of the sympathetic nervous system results in the release of catecholamines 
(adrenaline and noradrenalin) from the adrenal gland into the peripheral blood system 
(for review see Genuth, 1988a). Secondary effects include increased heart rate, blood 
pressure and body temperature; the preparatory stages for `fight' or `flight' (for 
review see Genuth, 1988a). 
Prolactin, arginine vasopressin (AVP), thyroid hormones (T3, T4) 
Prolactin, AVP and T3 and T4 have specific physiological functions that are non- 
stress-related, however, certain stressors also affect the release of these hormones. 
Prolactin is synthesised and released from the mammotroph cells of the anterior 
pituitary. The primary function of this peptide is the control of lactogenesis (for 
review see Genuth et al., 1988c) and its release is controlled primarily by prolactin 
inhibiting and releasing factors produced in the hypothalamus (for review see 
Molitch, 1995). 
AVP or antidiuretic hormone is synthesised, primarily, in the supraoptic nuclei of the 
hypothalamus and, after transportation via neural cells within the median eminence, 
is released from the posterior aspect of the pituitary gland. The hypothalamus also 
controls AVP release (for review see Genuth, 1988a). 
Thyroxine or T4 (3,5,3', 5' -tetraiodothyronine) and T3 (3,5,3'- triiodothyronine) are 
the two main secretory products of the thyroid gland (for review see Genuth et al., 
1988b). Secretion is controlled by thyrotropin (thyroid stimulating hormone) 
released from the thyrotroph cells of the pituitary gland which, in turn, is controlled 
by the amount of thyrotropin-releasing hormone released from the hypothalamus. T3 
and T4 have a negative feed-back effect at both the pituitary and hypothalamic levels 
(Genuth, 1988c). 
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2.2.3 EXAMPLES OF PRIMARY PHYSIOLOGICAL STRESS RESPONSES IN 
THE HORSE 
Acute stress 
Table 2.1 summarises studies that have assessed the physiological responses of the 
horse to acute stress. Results clearly demonstrate that exercise and transportation 
consistently caused a significant increase in SA and HPA activity (heart-rate, plasma 
adrenaline, noradrenaline, cortisol and beta-endorphin) (Li and Chen, 1987; 
McCarthy et al., 1991; Clark et al., 1993; McCarthy et al., 1993; Art et al., 1994). 
However, isolation of the animal (10 minutes) or pain (associated with naso-gastric 
tubing) did not elicit a HPA response (Alexander et al., 1988; Hydbring et al., 1996), 
but significantly increased levels of plasma catecholamines and pituitary venous 
AVP (Alexander et al., 1988; Nyman et al., 1996). 
Two points are highlighted within these results. First, that exercise, which may not 
necessarily constitute a stressful experience to the animal, elicits similar 
physiological responses as considered stressful experiences such as transportation, 
naso-gastric tubing and isolation. This is a confounding factor that must be taken 
into consideration if measurements of stress are being made during periods of 
concurrent exercise especially in the context of locomotory stereotypies. Second, 
that some physiological measures appear to be more sensitive indicators of stress 
where, given the data, isolation and naso-gastric tubing appear less stressful to the 
animal than transportation and can only measured using plasma catecholamines and 
pituitary venous AVP and not parameters associated with the HPA axis. 
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Table 2.1 Examples of the physiological effects of acute stress on the horse (plasma values 
unless indicated `t' signifying pituitary venous) 
Parameter: Cortisol (ng/ml) (±SEM) 
Stressor Significant 
elevation 
Pre-values Post-values Source 
exercise (6 min incremental) yes 53.0±2.8 89.0±7.6 Art et a!. (1994a) 
isolation (10 min) no 88.3±12.9 91.5±9.4 Alexander et al. (1988) 
nano-gastric tubing no - - H dbrin et al. (1996) 
transportation (18 min) yes 20.9±1.8 51.5±0.3 Clark et al. (1993) 
Parameter: ACTH (pg/ml) (±SEM) 
Stressor Significant 
elevation 
Pre-values Post-values Source 
isolation (10 min) t no 470.0±118.8 1534.0±960.9 Alexander et al. (1988) 
Parameter: Beta-endorphin (pg/ml) (±SEM) 
Stressor Significant 
elevation 
Pre-values Post-values Source 
exercise (10 min trot) yes 109.0±7.0 172.0±22.0 Li and Chen (1987) 
exercise (5 min slow gallop) yes 121.0±6.0 210.0±17.0 Li and Chen (1987) 
exercise (2 min fast gallop) yes 121±6.0 544±93.0 Li and Chen (1987) 
exercise (10 min gallop) yes 367.0±149.0 790.0±120.0 McCarthy et a!. (1991) 
naso-gastric tubing no - H dbrin et al. (1996) 
trans ortation (30 min) yes 138.0±12.0 196.0±24.0 Li and Chen (1987) 
transportation (lh) no 76.6±9.6 86.7±40.7 McCarthy et al. (1993) 
Parameter: Adrenalin (pg/m l) (±SEM) 
Stressor Significant 
elevation 
Pre-values Post-values Source 
exercise (racing) yes 139.4±31.7 1003.1±154.7 Martinez et al. (1988) 
isolation (10 min) t yes 113.0±20.6 488.3±159.3 Alexander et a!. (1988) 
Parameter: Noradrenalin (p /ml) (±SEM) 
Stressor Significant 
elevation 
Pre-values Post-values Source 
exercise (racing) yes 357.2±60.4 2222.4±370.7 Martinez et al. (1988) 
isolation (10 min) t yes 278.4±3.8 870.4±174.8 Alexander et a!. (1988) 
Parameter: T3, T4* (ng/ml) (±SEM) 
Stressor Significant 
elevation 
Pre-values Post-values Source 
transportation (18 minutes) no 26.4±1.6 26.9±1.4 Clark et al. (1993) 
Parameter: AVP (pg/ml) (±SEM) 
Stressor Significant 
elevation 
Pre-values Post-values Source 
naso-gastric tubing yes 1.2±0.1 38.5±18.2 Nyman et al. (1996) 
isolation (10 min) fi yes 6.6±2.0 39.9±24.2 Alexander et al. (1988) 
isolation (10 min) no 9.4±1.6 10.3±0.9 Alexander et al. (1988) 
Parameter: Heart-rate /min SEM 
Stressor Significant 
elevation 
Pre-values Post-values Source 
transportation (18 min) yes 59.5±1.4 69.0±1.9 Clark et al. (1996) 






Warren et a!. (1996) 
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Chronic stress 
Table 2.2 summarises studies that have reported the physiological response by horses 
to chronic stress. Physiological parameters that have been measured include plasma 
cortisol, beta-endorphin, T3 and T4 and the adrenal response to exogenous ACTH 
administration. 
Studies measuring weaning stress in foals and mares have reported contradictory 
results (Houpt et at, 1984; Mccall et at, 1987; Holland et at, 1996) and provide 
limited information in terms of which physiological parameters should be used to 
determine chronic stress in horses. 
With regard to transportation (<Ih), a consistent HPA response has been reported, 
with significant elevations of both plasma cortisol and beta-endorphin (Baucus et at, 
1990; McCarthy et at, 1993; Smith et at, 1996). In contrast, social isolation and 
confinement were reported to have no effect on plasma cortisol or T3 and T4 (Mal et 
al., 1991). These results for transport, social isolation and confinement mirror those 
measured for acute exposure to the same stressors. This raises the issue of whether 
or not isolation and confinement are stressful to the horse or, whether they are 
stressful, but their effect cannot be measured using parameters associated with HPA 
activity. Certain research has indicated that measuring circadian rhythm of HPA axis 
hormone release is a more sensitive indicator of monitoring minor stressful events 
(Irvine and Alexander, 1994). This should perhaps be used, therefore, as part of the 
stress-assessment of the animal. 
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Table 2.2 Examples of the physiological effects of chronic stress on the horse (f ACTH challenge) 
Parameter: Cortisol (ng/ml) (±SEM) 
Stress or Significant 
elevation 
Pre-values Post-values Source 
transportation (9h) yes 20.6±3.7 47.0±6.3 Baucus et al. (1990) 
transportation (24h) yes 93.2±3.2 107.5±6.2 Smith et al. (1996) 
weaning yes 30.1±7.3 37.8±6.1 McCall et al. (1987) 
weaningt yes 72.8±3.2 78.1±6.6 McCall et al. (1987) 
weaning no Holland et al. (1996) 
weanin no Holland et al. (1996) 
weaning no 17.0±2.0 18.0±3.0 Houpt et al. (1984) 
isolation(65h) no 36.5±4.3 36.2±4.2 Mal et al. (1991) 
isolation (65h)t no 77.8±19.3 110.1±12.0 Mal et al. (1991) 
confinement(65h) no 36.5±4.3 35.4±4.2 Mal et al. (1991) 
confinement(65h) t no 77.8±19.3 98.7±14.5 Mal et al. (1991) 
Parameter: Beta-endorphin (pg/ml) (±SEM) 
Stressor Significant 
elevation 
Pre-values Post-values Source 
air transportation (7h) yes 82.9± 13.1 240.7±72.5 McCarthy et al. 
(1993) 
Parameter: T3, T4* (ng/ml ) (±SEM) 
Stressor Significant 
elevation 
Pre-values Post-values Source 
weaning no - McCall et al. (1987) 
confinement (65h) no 76.3±17.4 72.3±13.0 Mal et al. (1991) 
confinement(65h)* no 2.0±0.5 2.5±0.4 Mal et al. (1991) 
isolation(65h) no 76.3±17.4 94.3±10.8 Mal et al. (1991) 
isolation(65h)* no 2.0±0.5 2.6±0.3 Mal et al. (1991) 
69 
Conclusion 
Similar physiological responses to chronic and acute stress in the horses have been 
reported. Measuring parameters associated with the HPA axis appear to give the 
most consistent results. However, these parameters may be limited to measuring 
highly stressful events (e. g. transport) and may not applicable for measuring 
relatively minor stressful events (e. g. confinement). Other physiological parameters 
may be more useful in this respect: 
1. parameters associated with the SA axis (e. g. catecholamines and heart-rate); 
2. pituitary peptides in pituitary venous blood (e. g. cortisol); 
3. the circadian rhythm of HPA axis hormones (e. g. cortisol). 
Sampling pituitary venous blood requires a complex technique which will prohibit it 
use from this trial. In addition, since stress-related parameters will be measured at 
different times of the day in relation to meal delivery and food ingestion, measuring 
circadian rhythm of HPA axis hormones will also not be appropriate in this instance. 
For the proposed study, therefore, plasma cortisol, plasma beta-endorphin in 
conjunction with heart-rate as a parameter associated with the SA axis will be used to 
measure the physiological stress response in the horse. 
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2.2.4 EXAMPLES OF SECONDARY PHYSIOLOGICAL STRESS RESPONSES 
Secondary stress responses described in section 2.1 were: 
1) immunosuppression; 
2) reproductive dysfunction; 
3) gut pathology. 
However, these parameters were not considered within the experimental programme 
for the following reasons: 
1) immunosuppression; 
1. using immune-related parameters compared to conventional stress-related 
hormones does not appear to provide any additional information about the stress 
response of the animal i. e. these parameters do not appear to be any more sensitive to 
stressor intensities, or to different types of stressor; 
2. there is no methodological advantage in using immune-related parameters; 
techniques are equally as invasive to the animal and laboratory methods are as 
expensive and time-consuming as compared to the measurement of plasma hormones 
and require the use of fresh rather than frozen material. 
2) reproductive dysfunction; 
1. parameters associated with reproduction are highly affected by environmental 
factors such as the reproductive state of surrounding conspecifics or seasonal effects; 
2. experimental animals are limited to females; 
3. ovulation may only be measured during limited periods of the year in horses 
3) gut pathology 
1. this technique requires that the animal be slaughtered at the end of the study. 
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2.3 NON-STEREOTYPIC BEHAVIOURAL RESPONSES TO 
STRESS 
2.3.1 INTRODUCTION 
Correlating species-specific behaviours with stress-related physiological parameters 
is a potential way of establishing a non-invasive method of stress assessment. The 
behavioural responses of several species to various stressors are considered here. 
2.3.2 EXAMPLES OF NON-STEREOTYPIC BEHAVIOURAL RESPONSES TO 
STRESS 
Fear or pain (acute stress) originating from an external source is characterised by 
change in posture, increased vocalisation, increased defaecation, and movement away 
from the source of pain/fear, or aggression towards the source if the animal is 
confined or restrained. (Friend, 1991). A novel environment has been reported to 
initiate a similar fear reaction, as well as hyperactivity and exploration (Friend, 
1991). In a study reported by Natelson et al. (1986) increasing intensities of electric 
foot-shock to rats, as well as stimulating increasing levels of adrenaline and 
noradrenalin, also produced increased levels of locomotory behaviour. Several 
studies have correlated behavioural indices against plasma cortisol during castration 
and tail-docking in lambs (Moloney and Kent, 1997) and in goats (Pearson and 
Mellor, 1976). Horses may become agitated and aggressive after 10 minutes of 
isolation (Alexander et al., 1988), and foals significantly increase (p<0.05) 
vocalisation, locomotion, urination and defaecation during both single and paired 
weaning (Houpt et -al., 1984). These studies illustrate that, once correlated with 
physiological parameters, measurement of specific behaviours may provide a useful 
tool for assessing acute stress in the animal. 
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With regard to chronic stress, different behavioural responses have been reported; 
self-maintenance (e. g. grazing and grooming) and play behaviour are substantially 
reduced (Friend, 1991). In addition, animals in an uncontrollable, chronically 
stressful environment (e. g. intermittent electric shock) exhibit significantly reduced 
active behaviour (for review see Weiss et al., 1981), termed `learned helplessness'. 
In contrast, behavioural responses to a stressor, originating from restriction of a 
motivated behaviour, normally leads to a subsequent intensification of motivation for 
that behaviour (for review see Friend, 1991). This can be assessed using the `open- 
field test'; the animal is released from its confined environment into an open space 
and the amount of behaviour recorded. A positive correlation has previously been 
demonstrated between the `stressfulness' (increased HPA activity) of the 
environment and the amount of behaviour performed during the test (Dellmeier et al., 
1985; Friend et al., 1985; Mal et al. 1989). 
Although a potential alternative to measuring physiological parameters, the use of 
behavioural indices to assess stress levels in an animal has not been fully explored in 
most species and especially the horse. However, the relative ease by which 
behaviour can be assessed and compared to conventional stress-related physiological 
parameters means that such measurements should be made within any experimental 
trial. This may provide, as Moloney and Kent (1997) have stated, validation of these 
behavioural measures for the non-invasive assessment of animal stress. Equine 
behaviour will, therefore, be measured in conjunction with stress-related 
physiological measurements within the proposed study. 
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2.4 CONCLUSION 
The subjective experience of stress can be measured indirectly using certain 
behavioural and physiological parameters. The criteria by which these parameters 
are selected for use within an experimental programme are based on: 
1) the range of stressors and stressor intensities that the parameter will respond to; 
2) the techniques by which they can be measured. 
Plasma cortisol, plasma beta-endorphin and heart-rate have been selected as 
physiological measures of equine stress for the proposed experimental study. In 




MATERIALS AND METHODS 
3.1 INTRODUCTION 
This section describes the appropriate materials and methods required for the 
measurement of the proposed stress-related parameters from the previous chapter. 
This includes laboratory techniques for the measurement of plasma cortisol and 
plasma beta-endorphin, a description of available heart-rate equipment and how it 
should be used, and also a discussion on methods of quantifying behaviour and those 
most applicable to this current study. In addition, materials and methods for the 
measurement of plasma prolactin are described as it was proposed that this peptide 
will be measured with the aim of assessing differences in CNS dopaminergic activity 
between stereotypic and non-stereotypic animals. 
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3.2 MEASUREMENT OF PLASMA HORMONES 
3.2.1 INTRODUCTION 
Due to the high cost of commercial sample analysis (e. g £7/sample for plasma 
cortisol, Analytical Laboratory, Dept. Vet. Clinical Studies, University of Edinburgh) 
assays were established ̀in-house' to measure plasma hormones. 
Review of the literature showed that radio-immuno assay (RIA) is the most common 
technique for the measurement of hormones in plasma. Binding radioactive 
compounds to proteins was achieved in 1958 by McFarlane and first applied to the 
measurement of plasma hormones in 1963 (Greenwood et al., 1963). Since then, the 
technique has become widely used for the measurement of a number of hormones 
including plasma cortisol (Lantto et al., 1980), beta-endorphin (Prasad et al., 1988) 
and prolactin (Oosterom and Lamberts, 1985). The basic principle of the assay 
involves a radioactively-labelled hormone acting competitively with the non- 
radioactive equivalent (standard or a plasma sample) for binding sites on an antibody 
(primary antibody) specific to the hormone (antigen) in question. The more 
standard/sample hormone that is present, the less opportunity there exists for the 
radioactively-labelled hormone to bind to the antibody. By precipitating the 
antibody-hormone complex out of solution and measuring the amount of 
radioactivity present, an indirect estimate can be made of sample concentration by 
referencing the value against standards used in the same assay. 
Another technique that has become popular recently is that of enzyme-linked 
immunosorbant assay (ELISA) (see Tijssen, 1985b, for review). The principle is 
similar to RIA, however, two main differences exist. Firstly, the primary antibody or 
the antigen (hormone) is bound to the base of a plastic microtitre plate containing 96 
wells. Secondly, the antibody or antigen is not labelled with a radioactive compound 
but rather conjugated to an enzyme. This enzyme, when placed in contact with a 
specific substrate solution, causes a colormetric reaction, thus allowing enzyme- 
conjugated antibodies or antigens to be quantified by optical density (OD) using 
colorimetric equipment (ELISA reader). Using this technique, hormone 
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concentrations can be determined in a number of different ways, either directly or 
using competitive type ELISA similar to that described above for RIA. The different 
types of ELISA are illustrated in Figure 3.1. 
Figure 3.1 Diagram illustrating different variations of competitive and non-competitive enzyme- 
linked immunosorbent assays (ELISA). 
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Non-competitive techniques use direct (b), or indirect detection (a and c) of the 
sample. Indirect detection uses a secondary conjugated antibody specific to the 
animal species and class of immunoglobulin of the primary antibody. Sandwich 
ELISAs have the antigen `sandwiched' between two antibodies (b and c) 
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Competitive ELISAs involve a competitive reaction between antigens for binding 
sites on the specific antibody, such that the amount of enzyme conjugated antibody 
(d), or enzyme conjugated antigen (e), detected is inversely proportional to the 
amount of sample added. The quantities of antibody/antigen available, the ability to 
bind the antigen to base of the plate and the availability of conjugated 
antibody/antigen normally determine which of the above methods is most applicable. 
Further comparison between RIA and ELISA shows that a number of advantages 
exist in using the latter technique: 
1) RIA is costly to run in comparison to ELISA by a factor of over 1000. 
2) RIA can often require a lengthy extraction process involving organic solvents; 
3) radioactive materials have a limited shelf-life, are potentially hazardous and 
require complex health and safety procedures with regard to handling and disposal; 
4) ELISA equipment is portable allowing on site application (Gresenguet et al., 
1993) which in some instances can solve problems relating to storage and transport 
of samples when working under field conditions. 
The major disadvantage of the ELISA technique is that it often achieves less 
sensitivity than its RIA counterpart. This factor had to be considered, therefore, 
since basal levels of hormones to be measured may be below the level of assay 
sensitivity. With regard to equine plasma hormones, basal levels of plasma cortisol 
in the horse are between 30 and 50 ng/ml, with levels rising to 150ng/ml during acute 
stress (Ralston et al., 1988; Toutain et al., 1988; Covalesky et al., 1992; Clark et al., 
1993; Irvine and Alexander, 1994). ELISA sensitivity for this hormone had 
previously been reported at between O. Oing/ml (Cooper et al., 1989) and 2ng/ml 
(Lewis and Elder, 1985) thus enabling its use. Baseline levels of equine plasma beta- 
endorphin have been reported at 100-600 pg/ml (Hamra et al., 1993). Although 
relatively fewer ELISA techniques have been established to measure plasma beta- 
endorphin, two studies have reported assay sensitivity of 34 and 100pg/ml (Sarma et 
al., 1986; Yasunaga et al., 1992), and therefore the technique could be used to 
measure this peptide. Basal levels of equine prolactin are reported at 1-15 ng/ml 
(Thompson et al., 1986; Worthy et al., 1987), and ELISA techniques for this 
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hormone have previously been reported to have this level of sensitivity (Secchi et al., 
1991; Aurich et al., 1995; Tavernier et al., 1995). Thus, given the previously 
discussed advantages associated with the ELISA technique and their established use 
in the measurement of plasma cortisol, beta-endorphin and prolactin, it is proposed 
that this technique will be used for the measurement of these hormones within the 
proposed experimental trial. The development of these assays are described in the 
following sections. 
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3.2.2 DEVELOPMENT OF ENZYME -LINKED IMMUNOSORBENT ASSAYS 
(ELISA) 
Equine plasma beta-endorphin 
Introduction 
Two studies have reported an ELISA assay to measure non-equine plasma beta- 
endorphin (BE) levels at sensitivity levels of 34 and IOOpg/ml (Sarma et al., 1986; 
Yasunaga et al., 1992). The former of these studies, however, used fluorometric 
equipment to detect enzyme activity which was unavailable for the current study. 
Preliminary investigations were therefore based on the colorimetric assay of Sarma et 
al. (1986). In brief, the ELISA technique involved a competitive reaction between BE 
coated onto the base of the plate and BE (standards/samples) in solution for binding 
sites on the primary antibody which was also in solution. The primary antibody is 
subsequently detected using a secondary conjugated antibody (Figure 3.1d). 
Assay optimisation 
Initial investigations were directed at assessing optimal use of materials and reagents; 
plate manufacture, coating buffer, specific antibody and the conjugated antibody. 
Once these had been established, the first assay optimisation stage was attempted. 
This involved determining the primary antibody concentration that would allow 
sample/standard BE in solution to have a competitive effect on antibodies binding to 
plate-bound BE. The range of competitive BE concentrations used (62500- 
980pg/ml), was slightly above that of equine plasma basal levels (100-600pg/ml) (Li 
and Chen, 1987; McCarthy et al., 1991; Hamra et al., 1993), and a competitive effect 
was observed at several dilutions of specific antibody. However, when competitive 
BE concentrations were lowered to levels comparable to that of basal levels in equine 
plasma (100-600pg/ml), the competitive effect was lost. It was thus concluded that 
the level of sensitivity required for this assay was unobtainable using this ELISA 
format. In an attempt to resolve this problem, the levels of sensitivity of the enzyme 
detection system was increased using a biotin-avidin system. The naturally occurring 
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binding affinity of these two compounds allows an antibody or an antigen conjugated 
to biotin (biotinylated) to be detected using enzyme-conjugated avidin. In addition, 
because a higher degree of substitution is achieved using biotin rather than direct 
conjugation with an enzyme, more enzyme will bind to the antibody/antigen 
compared to that which normally takes place when enzyme-conjugated 
antibody/antigen binds directly to the antibody/antigen. This increased binding level 
intensifies the colour change (amplification effect) and thus elevates the sensitivity of 
the ELISA (Tijssen, 1985a). A preliminary investigation of this technique, however, 
demonstrated high levels of non-specific binding attributable to the streptavidin 
peroxidase binding to the plate. Attempts were made to resolve this by lowering the 
concentrations of both the biotin anti-IgG and the streptavidin peroxidase, using the 
recommended blocking agent for this product (10% Marvel), and also changing plate 
types to that recommended for use with the biotin-streptavidin conjugate. Neither of 
these attempts were successful. 
It was concluded that a competitive ELISA using conjugated secondary antibodies as 
a means of detecting the primary antibody was not a feasible method for the 
measurement of equine plasma BE. The low levels of plate-bound BE necessary to 
allow a competitive reaction with low levels of BE in solution were such that they 
could not be detected using this antibody system. This result contradicts the work of 
Sarma et al. (1986) who reported assay sensitivity at the picograms per millilitre level 
using a similar technique. The contradiction can only be explained by the use of 
different reagents; Sarma et al. (1986) synthesised their own BE and used primary 
and secondary antibodies from a different source than that used in this assay 
optimisation. These reagents were not available for this study. 
Potentially, BE could be measured using other types of ELISA technique: 1) a non- 
competitive sandwich ELISA (Figure 3c); 2) a non-competitive ELISA where the 
antibody is conjugated directly to the enzyme e. g peroxidase (Figure 3b); 3) a 
competitive ELISA where either BE or the BE antibody is conjugated directly to the 
enzyme (Figure 3e). However, only limited quantities of both the BE and its specific 
antibody were available, thus preventing `workable amounts' from being conjugated 
for use within an assay optimisation. Thus, only a non-competitive ELISA that did 
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not require conjugation procedures was possible. This assay involved capturing the 
BE out of solution using the specific antibody bound to the base of the plate. The BE 
was then subsequently detected (sandwiched) using another anti-BE antibody 
(monoclonal, mouse) followed by a conjugated secondary antibody specific to that 
second specific antibody. Preliminary investigations revealed that at levels 
comparable to equine plasma, BE could not be detected using this assay system. 
It was concluded that ELISA may not be a suitable technique for the measurement of 
equine plasma beta-endorphin. However, methods incorporating the conjugated 
forms of both BE and its antibody would need to be investigated before this 
conclusion can be fully drawn. Equine plasma BE was subsequently measured using 
an RIA technique, kindly performed by Dr Richard Rodway, University of Leeds. 
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Equine plasma cortisol 
Introduction 
The ELISA technique employed was a modification of methods previously described 
(Dona, 1987; Cooper et al., 1989). 
Materials and Reagents 
Cortisol (hydrocortisone) (Sigma Chemical CO. UK; H4001) was reconstituted in 
ethanol to make a stock solution of 500µg/ml. Standards (200,150,100,75,50,25,12.5 
ng/ml) and quality controls (QC) were made up thereafter in stripped plasma (see 
Appendix II). Horseradish peroxidase conjugated cortisol (HRP-cortisol) (Sigma 
Chemical CO. UK; H4138) was reconstituted in sterile water to provide a stock 
solution of 400 pg/ml. Sheep anti-cortisol (whole serum) was supplied by the 
Scottish Antibody Production Unit (Law Hospital, Carluke, Scotland). Buffers 
PBS 1, PBS2 and CCB are listed in Appendix I. Polyoxyethylene-sorbitan 
monolaurate (T20) (P-1379), sodium salicylate (S3007) and bovine serum albumin 
(BSA) (A-7906) were from Sigma Chemical Co (UK). Sterile water was from 
Baxter Healthcare Ltd. (Thetford, Norfolk, UK). Tetramethyl benzidine (TMB) 
peroxidase substrate was from Dynatech Laboratories (Billinghurst, West Sussex, 
UK), as was the ELISA plate reader Dynatech MR7000. ELISA plates were Nunc- 
Immuno plate Maxisorp from Life Technologies Ltd. (Paisley, Scotland, UK). 
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Optimisation of ELISA 
Basal levels of plasma cortisol in the horse are between 30 and 50ng/ml, with levels 
rising to 150ng/ml during acute stress (Ralston et al., 1988; Toutain et al., 1988; 
Covalesky et al., 1992; Clark et al., 1993; Irvine and Alexander, 1994), thus the 
assay was optimised to measure plasma levels between 200 and 10 ng/ml. 
The first optimisation stage involved determining the dilution of the plate-bound 
primary antibody that would give a sufficiently high OD value (-P0.5) at a range of 
HRP-cortisol concentrations. Both 1/400 and 1/800 dilutions gave sufficiently high 
OD's for the majority of HRP-cortisol concentrations, thus, the more economical 
dilution of 1/800 was chosen for the continuation of assay optimisation. 
The second stage was to assess the optimal concentration of HRP-cortisol that would 
allow competitive cortisol, at a range comparable to equine plasma levels (150- 
12.5ng/ml), to demonstrate a competitive effect for binding to the plate-bound 
antibody. Results are shown in Figure 3.2. 
Figure 3.2 Mean OD values corresponding to competitive effect of several cortisol concentrations 
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A competitive effect was observed for all tested concentrations of HRP-cortisol. The 
greatest range of OD values (0.266-0.416) was at 0.6ng/ml HRP-cortisol, and thus 
this concentration was selected since a wider range results in a more sensitive assay; 
(smaller quantities of competitive cortisol cause a greater change in OD value). The 
final stage of optimisation involved assessing the effect of adding stripped serum to 
the cortisol standards on assay function, and calculating the intra-assay coefficient 
with regard to a possible edge effect (different OD values on the edge compared to 
the centre of the plate resulting from variation in temperature). Stripped serum did 
not affect assay function, and intra-assay coefficient of variation was found to be 
12% (n=14). It was noted that this ELISA was prone to an edge effect in that QC's 
placed along the edge of the plate were calculated at a higher concentration. This 
was sufficient to increase the infra-assay coefficient of variation to 30.1% (n=20). 
Wells along the edge of the plate were therefore not used during the assay. 
Equine cortisol ELISA method 
Wells were coated overnight (18hrs) at 37°C with the anti-cortisol antibody 
(200tUwell) at a 1/800 dilution in CCB, leaving 2 wells empty to act as blanks. The 
plate was washed 4 times with a solution of PBS 1 and standards, samples and quality 
controls (QC) were added in duplicate (50µl), followed by the HRP-cortisol (150µ1) 
at 0.6ng/ml in a solution of 1% BSA, 0.5% sodium salicylate, 0.05% T20 in PBS2. 
This was left for 3 hours at 37°C. After 6 washes with PBS1 the substrate TMB was 
added (50µ1) to produce the colour change. The reaction was stopped with 50µl of 
H2S04 solution (0.1M). The OD of each well was then read using the ELISA reader 
and standard curve, QCs and samples worked out accordingly. During all 
incubations the plate was sealed in cling film. 
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Equine plasma prolactin 
Introduction 
Several ELISA methodologies have been described for the measurement of plasma 
prolactin: 
1. direct non-competitive sandwich ELISA where the anti-prolactin antibody is 
bound to the base of plate, followed by the sample/standard and then HRP-, or 
biotinylated, anti-prolactin antibody added (Babiel et al., 1990; Secchi et al., 
1991; Tavernier et al., 1995); 
2. an indirect competitive ELISA, where bovine-thyroglobulin-bound-prolactin is 
bound to the base of the plate, and samples/standards incubated with anti- 
prolactin antibody which is then detected using an HRP anti-IgG antibody (Lewis 
et al., 1992). 
All of these methodologies required conjugation of either the antibody or the antigen. 
Given that the reagents in question were not readily available, or were expensive to 
procure, and that conjugation can result in wastage of reagent, it was decided initially 
to try and develop an ELISA that would not require such a conjugation step. 
The most simple and direct form of ELISA was a non-competitive sandwich ELISA 
using two anti-prolactin antibodies. Preliminary results, however, indicated a strong 
non-specific interaction between the two antibodies, despite the presence of a BSA 
blocking agent, and thereby prevented the use of this method. The second approach 
was a competitive ELISA (ePRL bound to the base of the plate to compete with 
ePRL as sample/standard in solution for binding sites on the anti-equine prolactin 
antibody). However, no competitive effect was observed. On the basis of these two 
preliminary investigations it was decided that a conjugation step was necessary to 
provide alternative options in terms of ELISA development. More ePRL than anti- 
ePRL antiserum was available, therefore, ePRL was chosen for the enzyme 
conjugation. 
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Materials and reagents 
ELISA 
Anti-equine prolactin antibody (I) (whole serum, rabbit) and equine prolactin (ePRL) 
were kindly donated by Dr Y Combarnous (Directeur URA 1291 CNRS, INRA- 
Station PRMD, 37380 Nouzilly, France). Anti- equine prolactin (II) (whole serum, 
rat) and equine prolactin (ePRL) were kindly donated by Dr AF Parlow (Pituitary 
Hormones and Antisera Center, Harbor-UCLA Medical Center, 1000 West Carson 
St. Torrance, California 90509. Horse radish peroxidase (HRP) anti- rabbit IgG 
(sheep) was supplied from the Scottish Antibody Production Unit (Law Hospital, 
Carluke, Scotland). Buffers PBS!, PBS2 and CCB are listed in Appendix I. HRP 
anti-rat IgG (rabbit) (A 9057), 720 (P 1379) and BSA (A 7906) were from Sigma 
Chemical Co. (UK). Sterile water was from Baxter Healthcare Ltd. (Thetford, 
Norfolk, UK). TMB substrate was from Dynatech Laboratories (Billinghurst, West 
Sussex, UK), as was the ELISA plate reader Dynatech MR7000. ELISA plates were 
Nunc-Immun plate Maxisorp from Life Technologies Ltd. (Paisley, Scotland, UK). 
Stripped serum was prepared as described in Appendix II. 
Conjugation 
Carbonate buffer was prepared by adding 5m1 0.5M NaHCO3 (0.21 g) to 5ml 0.5M 
Na2CO3 (0.26g), (pH 9.6). Horseradish peroxidase (HRP) Type VI-A (P 6782), 
sodium periodate (S 1878), ethylene glycol (E 9129) and sodium borohydride (S 
9125) were purchased from Sigma (UK). Glycerol AnalaR was from BDH (Poole, 
England). Glycine in PBS2 was from Fisher Scientific UK (Loughborough, 
Leicestershire). 
Gel electrophoresis 
Electrophoresis was carried out using the method of Schagger and von Jagar (1987) 
as follows. Cathode buffer contained a solution of 0.1M Tris (Tris[hydroxymethyl] 
aminomethane (T 1378), 0.1M Tricine (T 7911) and 0.1% sodium dodecyl sulfate 
(SDS) (L 4509) from Sigma (UK). Anode buffer was made up of a solution of 0.1 
Tris adjusted to a pH of 8.9 with concentrated HCl and diluted 5-fold to 0.2M before 
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use. Gel buffer was made from a solution of 3M Tris and 0.3% SDS adjusted to a pH 
of 8.45 with concentrated HCI. 4ml of stacking gel was made from 0.53m1 stock 
acrylamide (30% T, 2.67% C) (Sigma, UK; A8887) 0.96m1 gel buffer, 2.48m1 
distilled H20,50µ1 of 10% ammonium persulphate (Sigma, UK ;A 6761) and 10µl 
N, N, N', N', -tetramethyl-ethylenediamine (TEMED) (Sigma, UK; T8133). 10ml 
resolving gel was made from 3.33m1 stock acrylamide (30% T, 2.67% C) 3.33m1 gel 
buffer, 3.23m1 distilled H20,100µ1 of 10% ammonium persulphate and l0µ1 
TEMED. Gels were cast and run using mini-Protean gel electrophoresis apparatus 
(Bio-Rad). The loading buffer was 4% SDS, 12% (w/v) glycerol (Sigma, UK; G 
6279), 50mM Tris, 2% mercaptoethanol (v/v) (Sigma, UK; M 6250), and 0.01% 
Serva Blue adjusted to a pH of 6.8 with HCI. Coomassie Brilliant Blue G (Sigma, 
UK; B 5133), in 10% acetic acid was used for staining of the gel. 
Gel filtration 
For the gel filtration, chromatographic equipment comprised of a Waters 626 pump 
and 486 tuneable UV absorbance detector, together with a Waters 777 autosampler 
and 600s controller. 
The HRP conjugated ePRL (HRP-ePRL) was purified by means of gel filtration on a 
Superdex 75 column (Pharmacia, UK) eluted with PBS2 at lml/min. Fractions (lml) 
were collected in microcentrifuge tubes, and stored at 4°C. 
BCA protein assay 
Protein concentration was determined using the BCA protein assay (Pierce, 
Rockford, Illinios, USA), and also estimated spectrophotometrically at wavelengths 
260 and 280nm. 
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Preparation of HRP-ePRL 
The method of Laman et al. (1991) for conjugation of HRP to peptides was adapted 
to label ePRL. 
Horseradish peroxidase (HRP, 6mg; Sigma Type VI A) was activated with 3mg 
sodium periodate in 1.5m1 de-ionized filtered water for 20 minutes at room 
temperature in the dark. Ethylene glycol (150 µl) was added along with 40 µl 0. SM 
carbonate buffer (pH 9.6) to give a pH 9-9.5, tested on pH indicator paper. 500 µg of 
lyophilised ePRL was reconstituted in 500 µl sterile H2O, and 234 µl of HRP 
solution was added to give an ePRL/HRP molar ratio of 1.1: 1. This solution was 
stirred for 2h at room temperature, then sodium borohydride (S0µ1 at 4mg/ml in 
distilled water) was added, and stirring continued for 2h at 4°C. Glycine (50µ1 of 
0.2M in PBS) was then added, with stirring for lhour at room temperature. 
The HRP conjugated ePRL (HRP-ePRL) was separated from salts, non-conjugated 
ePRL and free HRP by means of gel filtration (Superdex 75, equilibrated with PBS I; 
flow rate set at lml/min; detector wavelength 280nm). Fractions (1ml) were collected 
(Figure 3.3) and examined using SDS-PAGE and also on an ELISA plate coated with 
anti-ePRL (1/500). 
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SDS-PAGE analysis (Figure 3.4) of gel filtration fractions revealed bands in the 
molecular weight range >100-42kDa in fractions 1 to 3. Fraction 2 contained the 
majority of conjugated peptide, with bands at approximately 65kDa and lOOkDa 
consistent with conjugation of 1 and 2 moles of HRP to ePRL respectively. 
Unreacted HRP (42kDa) was detected in fractions 3-4, and residual ePRL was visible 
as a double band at 22 and 24kDa in fraction 5. Fractions 1-3 bound to the anti- 
ePRL, and produced a colour change on addition of the TMB substrate. The lack of 
colour change on the non-coated side of the plate confirmed that this was not due to 
non-specific binding of HRP-ePRL to the plate. 
Figure 3.4 Tris -Tricine (10%) SDS-PAGE gel of fractions 1-8 from Superdex-75 gel filtration of 
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Fractions containing HRP-conjugated ePRL were pooled, mixed 1: 1 with glycerol, 
aliquoted and stored at -20°C until use. 
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ELISA Optimisation 
Coating the plate with the anti-ePRL antibody at a dilution of 1/150, allowed the 
competitive effect of ePRL on HRP-ePRL to be analysed at a range of concentrations 
for both compounds. Initial testing of equine plasma samples identified a range of 
standards between 1.25 and 160 ng/ml to be the most appropriate. At this range, a 
number of HRP-ePRL concentrations were deemed suitable given the linear response 
and wide range of OD values (Figure 3.5), however, 1/800 was chosen for reasons of 
economy. Thus, anti-ePRL antibody at a dilution of 1/150 and a 1/800 dilution of 
HRP-ePRL were considered optimal for the running of the assay. 
Figure 3.5 Mean OD values corresponding to competitive effect of several ePRL concentrations (1.25- 
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The final stage of optimisation involved assessing the effect of adding stripped serum 
to the ePRL standards on assay function, and the working out the intra-assay 








affect with assay function, and the intra-assay coefficient of variation was 14% with 
no edge effect apparent. 
The initial test results using equine plasma generated values that were considered 
higher than expected for equine basal levels. This prompted a check on the standard 
concentration using two methods of protein determination, spectrophotometeric assay 
and BCA protein assay (Pierce). The stated protein concentration (from supplier) 
was 261 pg/ml. Using the spectrophotometer and the BCA protein assay this was 
found to be 198 µg/ml and 203pg/ml respectively, approximately 23% less than the 
stated concentration. However, when a second set of standards from Parlow, USA, 
were analysed at the same concentration as the original standards, parity between the 
two standards was apparent (y=0.998x +0.47 ±0.05). This was considered sufficient 
to support the use of the original standard for use in the measurement of plasma 
ePRL. 
Optimised ELISA for equine prolactin 
Plates were coated overnight (18hrs) at 37°C with anti-ePRL (I) (200µ1) in CCB at a 
1/150 dilution. After washing 4 times with a solution of PBS1 the plates were 
blocked using 3% BSA solution in PBS2 for 2hrs at 37°C. The plates were washed 4 
times with a solution of PBSI, and the ePRL standards (160-0 ng/ml), QCs and 
samples added (150µ1) followed by HRP-ePRL (50µl) at a 1/800 dilution in 1% 
BSA, 0.05% 720 in PBS2 and the plate incubated for 2 hours at 37°C. After 6 
washes with PBS!, the substrate TMB was then added (50gl) to produce the colour 
change. The reaction was stopped with 50µl of H2S04 solution (0.1M). The OD of 
each well was then read using the ELISA reader. During all incubations the plate 
was sealed in cling film. 
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3.3 MEASUREMENT OF EQUINE HEART-RATE 
3.3.1 INTRODUCTION 
The principle of measuring equine heart rate does not differ from that used for other 
species. The action potential that causes cardiac muscle contraction is detected using 
electronic equipment (electrocardiograph), and the number of action potentials 
measured per unit time. The term `indirect leads' describes the use of electrodes to 
measure voltage differential across the skin rather than the heart. This is the most 
common method of measuring heart-rate and produces an electrocardiogram (ECG) 
(Berne and Levy, 1988). 
3.3.2 PREVIOUS STUDIES USING THE HORSE 
One of the main problems associated with measuring equine heart-rate is recording 
data when the horse is moving. Previously, electrocardiograms have been recorded 
on magnetic tape (Krzywanek et al., 1970), or monitored using radiotelemetry 
(Banister and Purvis, 1968) but, more recently, digital display heart-rate monitors 
have been used (see Evans and Rose, 1986, for review). The latter have the 
advantage of being small and mobile, thereby allowing `on board' monitoring and 
thus better suited to field conditions. These monitors have been successfully 
validated against radiotelemetry ECG equipment, although some variation does exist 
depending on the manufacturer used (Evans and Rose, 1986). Polar equipment has 
demonstrated the highest level of correlation (r2=0.988) with standard ECG 
equipment (Evans and Rose, 1986), and is now widely recognised as the most 
suitable method for measuring equine heart-rate (Art and Lekeux, 1993; Art et al., 
1994; Aguera et al., 1995). 
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3.3.3 METHOD 
Adhesive Electrodes, pre-coated with a high-conductance gel, were supplied by HA 
West X-ray Ltd. (Edinburgh, UK). The Polar Sports Tester heart-rate equipment was 
manufactured by Polar Electro Oy (Finland), and supplied in the UK by Leisure 
Systems International Ltd. (Bodycare, Southam, Warwickshire, UK). Two electrodes 
were used in each instance, the first electrode was placed on the left ventral aspect of 
the thorax and the second on the left lateral aspect of the thorax, both electrodes were 
in line with the shoulder. Leads were attached to each electrode and then to the Polar 
transmitter, which in turn was secured to the horse, with the aid of a surcingle. The 
surcingle was placed around the girth covering , both electrodes to secure them in 
place. The Polar heart rate monitor was set according to the manufacturer's 
instructions and also attached to the surcingle. 
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3.4 MEASUREMENT OF BEHAVIOUR 
3.4.1 INTRODUCTION 
There are several methods available to measure behaviour. The choice of method is 
determined by the type of behaviour being observed and the experimental 
environment (i. e. laboratory or field). Behaviour can either be classified as states 
(e. g. alert) or as single discrete acts or events (e. g. kicking) (Altmann, 1974). States 
are quantified by duration; total duration, the mean duration or percentage duration 
within a specified period of time. Events are quantified by frequency (per unit time). 
Two other measures of behaviour are also available; latency (time taken for an event 
or state to take place), or intensity of behaviour (number of events per unit time). In 
some experimental situations (particularly the field environment) continuous 
measurement of behaviour is not possible due to the amount of data to be recorded. 
In the laboratory, video equipment can solve this problem. However, sampling 
procedures are commonly used in both situations and have been reported as a valid 
estimate of continuous behaviour (for review see Martin and Bateson, 1996). 
Various types of sampling procedure are available and depend on the number of 
individuals being observed, the sample duration and the sample interval. These 
procedures are described in the following section. 
The additional issue of clearly recognising the behaviour that is being studied will 
also be discussed. 
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3.4.2 SAMPLING METHODS 
The following sampling methods are available for the measurement of behaviour 
(Martin and Bateson, 1996): 
1) Ad-Libitum 
Behavioural states or events of an individual or a group of animals are measured such 
that sample duration, sample interval and individual/group are not chosen 
systematically or at random, but rather determined informally by the observer. The 
types of behaviour recorded are also at the discretion of the observer. This method 
is, therefore, susceptible to bias since the observer may record predominantly during 
one time period, or may be prone to recording specific types of behaviour and not 
others. Such bias renders the use of this sampling method unsatisfactory(Altmann, 
1974). 
2) Focal Animal sampling 
The behaviour (events and states) of an individual animal is recorded during a 
predetermined sampling period, taken at regular, predetermined sampling intervals. 
Within this sampling period, behaviour can be recorded continuously for short 
sample periods or instantaneously. If the individual is within a group, it is chosen 
either randomly or systematically. 
3) Scan Sampling 
Behaviour is sampled instantaneously at regular intervals. This sampling technique 
is recommended to measure events of short duration since the event can often be 
missed. The occurrence of the behaviour is quantified as a percentage of the total 
number of samples taken. This form of sampling has the advantage of allowing 
several individuals to be sampled within a relatively short time period. 
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4) One-Zero sampling 
This sampling technique involves dividing up the recording session into equal 
sample intervals. At the time of sampling, the observer records whether or not the 
behaviour has occurred during the preceding sample interval. States or events are 
then recorded as occurring (1) or not occurring (0). The behaviour is quantified as 
the percentage of occurrences (1's) from the total number of samples taken. 
Focal animal sampling and scan sampling are the most appropriate sampling 
procedures for use within the proposed experimental trial given the ranges of 
behaviours (events and states) that are proposed to be measured. 
In addition to the choice of sampling method, the duration of the sample 
measurement and the interval between samples must be determined. Both of these 
factors are influenced by: 
1) the ability of the recorder to accurately record the behaviours taking place; a 
shorter sampling interval and longer sampling duration makes it more difficult to 
accurately record all behaviours occuring; 
2) the sampling interval and duration required to give an accurate representation of 
the continuous behaviour taking place; a longer sampling interval and a shorter 
sampling duration means that less behavioural information is recorded (Martin and 
Bateson, 1996); 
3) the number of behaviours and animals being recorded at any one time; increasing 
the number of behaviours and animals being recorded simultaneously reduces the 
amount of time that can be spent measuring the behaviour of any one individual; 
4) the classification of the behaviour as an event or as a state; longer sample duration 
provides more opportunity for behavioural events to occur and thus be recorded. 
Measuring all aspects of normal behaviour continuously for 12 horses for 3-4 
treatment periods(11-12h), as is proposed, has practical implications in terms of the 
time required. Given that the majority of equine normal behaviours can be classified 
as behavioural states (e. g. standing, leg-resting, eating) the method of instantaneous 
scan sampling was, therefore, appropriate for the proposed study. Scan samples of 
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behaviours defined in the experimental section (section 5.2.4) were taken every 10 
minutes. This interval has been considered to give an accurate representation of 
continuous behaviour taking place (Martin and Bateson, 1996). 
Abnormal equine behaviours are by nature behavioural events (e. g. weaving, crib- 
biting). Thus, the use of a scan sampling technique was not appropriate due to the 
amount of potential behavioural data that can be lost. Weaving and crib-biting 
behaviour were measured continuously throughout the treatment periods. 
3.4.3 RECORDING BEHAVIOUR 
Behaviour can either be recorded and quantified first hand by the observer, or 
recorded directly onto video tape to be quantified at a later date. Electronic devices 
and software now exist to aid both the recording and quantifying processes (e. g 
Noldus Information Technology, Viginia, USA). However, the financial 
commitment required for such devices prohibited their use within this project. 
Methods of manual recording of behavioural states using instantaneous scan 
sampling and behavioural events using continuous sampling are described below. 
1) Instantaneous scan measurement 
Instantaneous recording requires the listing of all permutations of discrete 
behavioural states to be studied. This can be set out within a matrix format including 
the sample times (Table 3.1). At each sample time, the behavioural state of the 
animal is observed and the appropriate box ticked. The behaviour is quantified as a 
percentage ([number of occurences/total number of samples taken] x 100). 
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Table 3.1 Check sheet used to record behavioural states every 5 minutes. 
5 10 15 20 25 Results 
minutes minutes minutes minutes minutes 
eating/standing/ 4 eating 100% 
alert 
eating/lying/ 4 4' standing 60 % 
alert 
eating/standing/ 4' lying 
non-alert 40 % 
eating/lying/non alert 
-alert 80 % 
not eating/ non-alert 
_lying/ 
non-alert 20% 
2) Continuous Measurement 
Events are tallied during the course of the sampling period. Depending on how the 
data is to be presented, tallies are taken within specific time periods (e. g. per minute). 
3.4.3 RECOGNITION OF BEHAVIOURS 
Consensus on the definition and subsequent recognition of behaviours is necessary if 
intra- and inter- study standardisation is to be attained. For the majority of non- 
complex behaviours this is not an issue, for example, eating, standing and urination 
are by their nature self-defined, thus easily recognisable and not prone to individual 
observer interpretation. Stereotypies differ in this respect in that they are often 
constructed of repeated elements of normal behaviour patterns and thus it is often 
difficult to determine when a normal behaviour pattern ceases and a stereotypic one 
commences. It is generally accepted, however, that recognition of stereotypy is by 
subjective assessment based on a clear description of the behaviour (Lawrence 
personal communication). Such an approach yields minimum intra- and inter- 
observer variation in recording the occurrence of the behaviour. 
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CHAPTER 4 
IDENTIFICATION OF AN APPROPRIATE OPIATE 
ANTAGONIST 
4.1 PILOT STUDIES 
A progression of pilot studies was carried out to gather information on the most 
appropriate opiate antagonist for use within an experimental trial. In brief, these 
commenced with a study (4.1.1) to confirm the behavioural effects of naltrexone as 
previously reported (Dodman et al., 1987). This was the preferred opiate antagonist 
as it had the advantage of oral administration. The lack of effect on stereotypy 
performance of this antagonist prompted a second study (4.1.2) to assess the 
behavioural effect of naloxone (i. v. ) an antagonist that the same horse had responded 
to one year previous with a complete attenuation of stereotypy performance. The 
primary aim being to identify the underlying reasons why the horse had not 
responded to naltrexone. The results from the second study suggested that crib-biting 
intensity might be important in predicting how an animal responds to the antagonist. 
This was the basis of the third pilot study (4.1.3) and naloxone was re-tested on two 
different crib-biting horses with relatively high and low crib-biting frequencies. The 
complete cessation of stereotypy in both animals suggested that crib-biting intensity 
was not predicting the behavioural response to the opiate antagonsist and that the 
results from the first study may have been atypical. This warranted the re-testing of 
naltrexone and the fourth pilot study (4.1.4). The details of each pilot study and the 
overall conclusions drawn are given the following sections. 
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4.1.1 SELECTION OF AN OPIATE ANTAGONIST 
Introduction 
Administration of the opiate antagonists naloxone, nalmefene and naltrexone have 
previously been used to attenuate crib-biting behaviour (Dodman et al., 1987). 
Table 4.1 compares some of the doses, routes of administration and duration of effect 
for each opiate antagonist that was used in two horses. Naltrexone (0.04mg/kg, i. v. ) 
caused a complete cessation of crib-biting for 1.5h in Horse 1, whereas the effect of 
naloxone (0.04mg/kg, i. v. ) lasted for only 12 minutes. Naltrexone caused a second 
horse to stop the behaviour for 5h when administered at 0.04g/kg (i. v. ), whereas the 
effect of nalmefene (0.08g/kg) administered subcutaneously varied from 1- 6.8h. 
The various permutations of dose and route of administration for each of the three 
drugs were used in an uncontrolled manner, making it difficult to determine the 
relative efficacy of each drug in terms of its effect on stereotypic behaviour. 
However, naltrexone appeared to have the most consistent effect. This antagonist is 
also available in tablet form and thus has the added advantage that it can be orally 
administered. The aim of this first pilot study was to examine the behavioural effects 
of oral administration of naltrexone on crib-biting. 
Table 4.1 The cessation of crib-biting behaviour using three opiate antagonists and two horses (taken 
from Dodman et al., 1987). 




Horse 1 naltrexone Intravenous 0.04 1.5 
naloxone Intravenous 0.04 0.2 
Horse 2 naltrexone Intravenous 0.04 5 
nalmefene Subcutaneous 0.08 1-6.8 
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Method 
One crib-biting horse (Horse 1) was available for this initial pilot study. A 
standardised assessment procedure was developed to identify crib-biting horses based 
on previous studies (Kusunose, 1992; Giliham et al., 1994): the horse was given 40g 
of a cereal-based concentrate and then observed for 5 minute to see if crib-biting took 
place. 
Ground tablets of naltrexone hydrochloride (Dupont, UK) were administered in 100g 
of soaked sugerbeet which was offered to the horse. The oral dose rate used by 
Dodman et al. (1987), 0.1mg/kg/day, was adopted and the drug was given to the 
horse at the same time every day (0700h) for 6 days. Continuous, sample 
measurements of the crib-biting frequency (number of crib-bites/5 minutes) were 
taken daily (0700-0900h, 1230-1330h and 1730-1830h) prior to (day -6 to 0), and 
after (dayl to day6) the start of naltrexone administration. 
Results 
Results are presented in Table 4.2. 
Table 4.2 Mean crib-biting frequency (no. of crib-bites/ 5 minutes) before and after naltrexone 
administration. 
Mean Crib-biting Frequency (no. of 
crib-bites/ 5 minutes) (±S. D. ) 
Time Days -6 to 0 Days 1 to 6 
0700-0900hrs 20.0± 14.0 19.0± 12.7 
1230-1330hrs 5.8±11.9 17.8±13.3 
1730-1830hrs 15.0±6.5 14.0±4.1 
Mean(±SEM) 13.6±4.2 16.9±1.5 
The results show that the oral administration of naltrexone (0.1 mg/kg/day) had no 
apparent effect on the mean crib-biting frequency of this horse. 
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Discussion 
These results suggest that the underlying control mechanism of crib-biting is not 
mediated via an opioid pathway. However, naloxone (0.02mg/ml i. v. ), administered 
to this same horse one year previously, was reported to cause a complete cessation of 
crib-biting behaviour (personal communication). An alternative explanation for the 
results, therefore, could be that the dose was to low or, that the antagonist was not 
absorbed through the gut lining. A pharmacokinetic study comparing oral versus i. v 
administration of the opiate antagonist nalmefene to horses demonstrated that during 
oral administration none of the intact drug reached the peripheral blood system due to 
intestinal metabolism (Dixon et al., 1992). This may explain the results reported 
here for naltrexone. 
To try and elucidate why naltrexone had no effect on stereotypic behaviour, it was 
decided that naloxone, to which the horse had previously responded with a complete 
cessation of stereotypic behaviour, should be re-administered i. v. and the behavioural 
effect assessed. 
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4.1.2 THE EFFECT OF NALOXONE ON CRIB-BITING 
Extensive homology exists in the chemical structure of naloxone and naltrexone 
(Merck Index, 1996). It is reasonable to assume, therefore, that the behavioural 
effects of these two drugs will be similar. Indeed, no difference in the behavioural 
response to different opiate antagonists has previously been reported. Based on this 
assumption, the attenuation of crib-biting in Horse 1 by administering naloxone i. v. 
would indicate that the amount of naltrexone hydrochloride used in the last study was 
insufficient, either because of the dose given or because of insufficient absorption 
across the gut lining. If naloxone was found to have no effect on crib-biting 
frequency, then this would support the view that the underlying neurochemical 
mechanism of this equine stereotypy is not mediated via opioid pathway. 
Methods 
Naloxone hydrochloride (Dupont, UK) was administered i. v. (left jugular vein) to 
Horse 1 at two doses; 0.02mg/kg, which was the same dose used one year previously, 
and 0.1mg/kg. The second higher dose was subsequently given because at 
0.02mg/kg, the naloxone appeared to have no effect on the crib-biting frequency. 
The time interval between the two doses was three days. 
The crib-biting frequency was recorded for 2 hours after administration of each dose 
(1430-1630h)(treatment) and compared to the crib-biting frequency measured at the 
same time on the previous day (control). 
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Results 
The crib-biting frequency during the control and treatment periods are shown in 
Table 4.3. 
Table 4.3 Mean crib-biting frequency (no. of crib-bites/ 5 minutes) prior to (control) and after 
naloxone administration (0.02,0.1 mg/kg). 
Mean Crib-biting Frequency (no. of crib-bites/ 5 minutes) (±S. D. ) 
Control 0.02mg/kg Naloxone i. v. mg/kg Naloxone i. v. 
23.0±8.7 28.0±16.6 9.0±5.5 
At the 0.02mg/kg dose, naloxone had no apparent effect on crib-biting frequency. 
However at the 0. lmg/kg, dose the mean number of crib-bites per 5 minutes 
(9.0±5.5) was less compared to the control value (23.0±8.7). 
Discussion 
The attenuation of crib-biting after 0. lmg/kg administration of naloxone suggests 
that the underlying neurochemical mechanism of crib-biting is opioid-mediated. 
However, this dose was 5 times greater than that required to attenuate the behaviour 
one year previously. It is difficult to explain this result but studies which have 
reported a) differences in opioid physiology between control and stereotypy animals 
(Gillham et al., 1994; Lebelt et al., 1998) and b) differences in the effect of 
stereotypy on HPA activity over time as the intensity of stereotypy performance 
increased (e. g. Dantzer et al. 1987) may support the view that neurochemical changes 
take place in stereotypy animals over time. These neurochemical changes may be 
similar that which occurs after repeated administration of exogenous opioids (Stewart 
and Badiani, 1993); the animal develops a state of behavioural sensitisation 
(increased performance of specific behaviours) and paradoxically, a state of 
physiological tolerance to the opioid administered. The physiological tolerance 
would explain why a greater dose of opiate antagonist was required to attenuate the 
performance of stereotypy. 
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4.1.3 THE INTERACTION BETWEEN NALOXONE AND CRIB-BITING 
FREQUENCY 
Introduction 
The aim of this study was to investigate whether the variation in stereotypy 
attenuation by opiate antagonist administration over time was due to changes in CNS 
opioid physiology. If intensity of stereotypy performance is correlated with the level 
of neural sensitisation in the animal (as previously discussed in section 1.3.3) and 
sensitisation and tolerance are linked (Stewart and Badiani, 1993), then the intensity 
of stereotypy performed should determine how the animal responds behaviourally to 
opiate antagonist administration. Two different horses were thus tested, one that had 
a comparatively low crib-biting frequency and another which had a comparatively 
high crib-biting frequency. 
Methods 
Selection of crib-biting horses 
All horses known to crib-bite out of a population of 180 Irish Draught X 
Thoroughbred horses were identified by the method described in section 4.1.1. The 
horses with the lowest and the highest frequency value of crib-biting were chosen for 
the study. 
Animals and drug administration 
Each horse (Horse 2 and Horse 3) was injected i. v. with naloxone at 0.02mg/kg. This 
dose was considered most appropriate for examining the potential differences in 
stereotypy attenuation between horses crib-biting at different frequencies since it had 
initially attenuated crib-biting in Horse 1 but had had no effect one year later. Crib- 
biting was measured for lh following naloxone administration (treatment) at 1500h. 
This was compared to the crib-biting frequency measured at the same time on the 
previous day (control). The husbandry (diet and exercise) and environment of both 




The two horses selected had measured crib-biting frequencies of 1.6 crib-bites/ 5 
minutes (low) and 21.2 crib-bites/ 5 minutes (high). Results are given in Table 4.4. 
Table 4.4 Mean crib-biting frequency (no. of crib-bites/ 5 minutes) prior to (Control) and after 
Naloxone administration (0.02mg/kg). 
Mean Crib-biting Frequency (no. of crib-bites/ 5 minutes) (±S. D. ) 
Horse 2 `Low' Horse 3 `Hi h' 
Control 0.02mg/kg Naloxone i. v. Control 0.02mg/kg Naloxone i. v. 
1.6±0.6 0 21.2±1.3 0 
There was a complete cessation of the behaviour by both horses. 
Discussion 
The results show that naloxone caused a complete cessation of crib-biting behaviour 
for both horses. The ̀ high' crib-biter had a basal crib-biting rate that was comparable 
to the horse used in the first two pilot studies (21.2±1.3 vs. 23.0±8.7). This suggests 
that crib-biting intensity does not predict the behavioural response to the antagonist, 
and thus may not reflect the level of neural sensitisation or the level of tolerance to 
opiate antagonist administration. In this respect it is difficult to determine why Horse 
1 responded differently to 0.02mg/kg naloxone over time and why it responded 
differently to this dose compared to the two horses (Horse 2 and Horse 3) used in this 
study. 
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4.1.4 THE INTERACTION BETWEEN NALTREXONE AND CRIB-BITING 
FREQUENCY 
Introduction 
For the proposed experimental trial, oral compared to i. v. administration of the opiate 
antagonist would have the advantage of not requiring catheterisation of the horse. 
Given that Horse 1 did not respond to both naltrexone and naloxone administration 
with a complete cessation/reduction of crib-biting frequency, it was considered 
necessary to re-test the oral administration of naltrexone using Horse 2 and Horse 3. 
To ensure that the naltrexone was entering into the peripheral system, a relatively 
high dose (2mg/kg) of the antagonist was prescribed compared to the Dodman et al. 
(1987) study and plasma concentrations were measured after administration. 
Methods 
Animals and drug Administration 
Naltrexone hydrochloride (2mg/kg) (Dupont, UK) was administered orally to Horse 2 
and Horse 3 as previously described (section 4.1.1); ground tablets in 100g of soaked 
sugerbeet. The husbandry (diet and exercise) and environment of both animals were 
maintained the same for 12h prior to and 12 h after naltrexone administration. 
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Inducement of crib-biting and behavioural recording 
To determine the duration of effect of naltrexone on crib-biting frequency, the 
standardised assessment procedure to identify crib-biting horses (section 4.1.1) was 
applied at regular intervals (Table 4.5) following naltrexone administration. The 
frequency (no. of crib-bites per five minutes) was compared to that measured during 
a control period (previous day) where a similar crib-biting inducement regime was 
carried out. Crib-biting behaviour was recorded using time-lapse video equipment 
(Ikegami TVR-625). 
Blood sampling 
Immediately after naltrexone administration, blood * samples were taken at intervals 
(Table 4.5) via an indwelling catheter (right jugular vein) into an EDTA vacutainer 
(NVS, Stoke-on-Trent, UK). Samples were then centrifuged at 1600g, the plasma 
was aliquoted into 1.5 ml micro-centrifuge tubes (Elkay, Co. Galway, Ireland) and 
stored at -20°C until assay. 
Table 4.5 Protocol for inducing crib-biting and blood sampling. 
Frequency 
Time (h) Crib-biting Blood sampling 
1 ever y4 minutes ever y4 minutes 
2 eve 10 minutes ever y4 minutes 
3 ever y 10 minutes ever y 10 minutes 
4 ever y 15 minutes ever y 30 minutes 
5 ever y 15 minutes ever y 30 minutes 
6 ever y 15 minutes ever y 60 minutes 
7-12 ever y 30 minutes ever y 60 minutes 
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Measuring Plasma Levels of Naltrexone Hydrochloride 
Plasma levels of naltrexone hydrochloride were measured using high pressure liquid 
chromatography (HPLC), combining the extraction method of Asali et al. (1983) 
with the chromatographic procedure of Terry et al. (1984). 
Materials and Reagents 
Naloxone and naltrexone hydrochloride (kindly donated by Dupont UK) were used as 
internal and external standards respectively. All standards were prepared in distilled 
water (dH2O) and stored at 4°C. Carbonate buffer (01M, pH 8.75) was prepared by 
adding 0.42g NaHCO3 and 1.05g Na2CO3 to 540m1 dH2O. Phosphoric acid (Sigma, 
UK) was diluted with dH2O to 0.05% (v/v) (pH 2.35). All preparations were in 5m1 
polypropylene capped tubes. Chromatographic equipment comprised of a Waters 626 
pump and 486 tuneable UV absorbance detector, used in conjunction with a Waters 
777 autosampler and 600s controller (Waters, Watford, UK). The column was a 
Microsorb C18 reverse phase column, 4.6mmID x 15cm with 5µm particle size, used 
with an analytical guard module, 4.6mm ID x 1.5cm with 3µm particle size (Ranin 
Instrument Co. ). The mobile phase was 87% 0.1M NaH2PO4 buffer (pH 4.8), 13% 
acetonitrile (Rathburn Chemical, UK; HPLC grade) run at 1 ml/minute, and the 
detector wavelength was set at 220nm. Control of instrumentation and quantification 
of samples was through Millenium 2010 software (Waters, UK). 
Methods 
Plasma samples (lml; pre-vortexed for 5 sec. ) or naloxone standards (lml; 10- 
1 OOng/ml) were added to tubes containing OA M carbonate buffer (250 µl) and 
lµg/ml naloxone hydrochloride (100µl) (internal standard. 2m1 diethyl ether (BDH, 
UK; Analar) were then added and the mixture vortexed for a further 2 minutes and 
then centrifuged for 5 minutes at 1000g. The upper organic layer was transferred to 
tubes containing 0.05% (v/v) phosphoric acid (100µl). The tubes were vortexed for 
20 seconds and 80µl of each lower phosphoric acid layer was then pipetted into the 
holding vials of the autosampler to give a 60pl injection per sample. The standard 
concentrations of naltrexone hydrochloride used to construct the standard curve were; 
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10,30,50,80,100 ng/ml. Naloxone hydrochloride (100ng/ml) was added to all 
samples and standards as the internal standard. The `naloxone standard peak height : 
naltrexone standard peak height' ratio values were plotted against the naltrexone 
standard concentration values to give the standard curve. Samples were calculated by 
working out the `naloxone standard peak height : naltrexone unknown peak height' 
ratio value and then referencing this value to the corresponding naltrexone 
concentration value from the standard curve. Batches of standards and 10 plasma 
samples spiked with the same solution of 50 ng/ml naltrexone hydrochloride were 
run on 5 different occasions to give values for intra- and inter-assay variations of 
coefficient. 
Assay characteristics 
The chromatogram shown in Figure 4.1 is that of equine plasma spiked with 
naloxone hydrochloride (100ng/ml) (A) and naltrexone hydrochloride (100ng/ml) 
(B). Retention times (RT) were 5.25 minutes and 7.08 minutes respectively. 
Standard curves were linear from 10 to 100ng/ml, and the mean r2 value for 5 
standard curves was 0.980± 0.007 (S. D. ) Intra-assay coefficient of variation (n=10) 
was 5.2%, and inter-assay coefficient of variation (n=5) 4.3%. The sensitivity level 
of the assay was approximately 1 ng/ml. 
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Figure 4.1 Chromatogram of equine plasma spiked with 100ng/ml naloxone hydrochloride (A; RT 















Table 4.6 shows the mean crib-biting frequency during the control and treatment 
periods for each horse. 
Table 4.6 Mean crib-biting frequency (no. of crib-bites/ 5 minutes) prior to (Control) and after 
Naltrexone administration (2mg/kg). 
Mean Crib-biting Frequency (no. of crib-bites/ 5 minutes) (±S. D. ) 
Horse 2 `Low crib-biter' Horse 3 'High crib-biter' 
Control ý2mg/kg Naltrexone Control 2mg/kg Naltrexone 
11.92±6.59 4.5±7.24 36.40±10.21 7.10±8.75 
Figures 4.2-4.5 illustrate the distribution of crib-biting frequencies, for both horses 
over the duration of the control and naltrexone treatment periods. 
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Horse 2 `Low' stopped crib-biting for 270 minutes after the naltrexone hydrochloride 
was administered, after which it resumed crib-biting at approximately the same 
frequency as during the control period (11.37 crib-bites per 5 minutes compared to 
12.37 crib-bites per 5 minutes). Horse 3 `High' differed in that there was no 
complete cessation of the behaviour, only a significant reduction in its performance. 
This was most pronounced from 110 to 480 minutes after naltrexone administration; 
mean crib-biting frequency was reduced from 34.6 to 1.3 crib-bites per 5 minutes. 
From 480 minutes onwards, Horse 3 re-commenced crib-biting at a mean frequency 
of 11.66 per 5 minutes still considerably lower than the mean frequency for this 
period during the control session (31.66 crib-bites per 5 minutes). 
Plasma levels of naltrexone hydrochloride 
Figures 4.6 and 4.7 show the plasma levels of naltrexone hydrochloride over the 12 
hour period for Horses 2 and 3 respectively in conjunction with the crib-biting 
distribution. 
Figure 4.6 Plasma concentration of naltrexone hydrochloride and crib-biting frequency during 
treatment period for Horse 2'Low'(drug administration at time zero). 
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Figure 4.7 Plasma concentration of naltrexone hydrochloride and crib-biting frequency during 























Plasma levels for Horse 2 rose sharply, peaking 24 minutes after administration at 
231.3 ng/ml and then decreased (with some fluctuation) over the course of the 12h 
session, reaching zero values after 300 minutes. Plasma levels in Horse 3 also 
peaked after 24 minutes but at 75ng/ml and decreased in concentration over the 12h 
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Discussion 
Naltrexone was detectable in equine plasma after oral administration. Thus, unlike 
orally administered nalmefene (Dixon et al., 1992), orally administered naltrexone 
was not completely metabolised before entering into the peripheral blood system. 
However, the peak value of naltrexone hydrochloride in Horse 3 was considerably 
lower than that in Horse 2 (75 vs. 231 ng/ml) suggesting variation in the amount of 
antagonist that is metabolised or absorbed across the gut lining. It is unlikely that 
this can be accounted for by rate of passage, gut-fill or other feed-related variables 
since time of feeding, diet and exercise were constant for both animals. 
The relatively low plasma levels of naltrexone may explain the incomplete cessation 
of crib-biting in Horse 3 compared to Horse 2. It may be that peak naltrexone plasma 
levels need to rise above a certain threshold value for complete cessation of 
stereotypy to take place. In addition, the results may also explain why crib-biting 
frequency was not affected for Horse 1 after naltrexone administration; complete 
metabolism or complete lack of absorption into the peripheral blood system of this 
opiate antagonist may have taken place in this horse. 
4.1.5 CONCLUSION 
The last study reaffirmed that crib-biting behaviour is mediated via an opioid-based, 
neural pathway. However, individual variation in the behavioural response to 
antagonist administration was apparent, and was attributable to several factors, 
including using the oral administration route. It was decided that to minimise this 
variability, i. v. administration of naloxone at 0.02mg/kg should be used in the 
proposed trial given the relative consistency of the behavioural effects of this opiate 
antagonist at that dose. 
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CHAPTER 5 
EXPERIMENTAL TESTING OF HYPOTHESIS 
5.1 INTRODUCTION 
From the review of literature (chapter 1), three experimental aims were established: 
1. to determine the function of equine stereotypic behaviour ('reward function' or 
`behavioural need') by measuring stress-related parameters before and after the 
performance and the prevention of the behaviour; 
2. to determine the function of equine stereotypic behaviour by assessing the 
behavioural response to the administration of an opiate antagonist; 
3. to investigate the role of beta-endorphin and dopamine in the causation of equine 
stereotypic behaviour by measuring plasma beta-endorphin and prolactin levels in' 
stereotypy and non-stereotypy horses. 
Several hypotheses were established for each of these experimental aims: 
1) To determine the function of equine stereotypic behaviour ('reward function' or 
`behavioural need') by measuring stress-related parameters before and after the 
performance and the prevention of the behaviour. 
The following hypotheses were proposed based on Figure 1.7b, presented in section 
1.2.3 and shown below: 
1 a) if equine stereotypy functions as a ̀ reward function', then, during periods outside 
of meal delivery/food consumption, stress-related parameters should increase prior to 
the onset of stereotypy followed by a reduction after the behaviour's performance; 
118 
lb) if equine stereotypy functions as a `behavioural need', then, during periods of 
meal delivery/food consumption, stress-related parameters will not change before and 
after stereotypy performance; 
I c) if equine stereotypy functions as a `reward function', then preventing the 
behaviour should cause an overall elevation in stress-related parameters; 
l d) if the stereotypy functions as a ̀ behavioural need', then preventing the behaviour 
should cause an overall elevation in stress-related parameters which will be more 
pronounced in the context of food delivery or consumption of food. 
Figure 1.7b re-presented; diagram presenting the four hypotheses listed above relating to the putative 
function of stereotypic behaviour and the effect of stereotypy performance and prevention on stress- 
related variables. 
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In practical terms of testing these hypotheses within an experiment, 1 a, 1c and 1d are 
the most achievable. Testing hypothesis lb may be inappropriate for two reasons. 
Firstly, measuring no change in stress-related parameters cannot prove/disprove the 
hypothesis since those parameters may not change anyway. Secondly, meal 
delivery/food consumption may affect stress-related parameters, and thus, prevent 
interpretation of the results in terms of the hypothesis being tested. Thus, to test the 
`behavioural needs' hypothesis for equine stereotypy, stress-related parameters will 
only be measured during prevention of stereotypy in the context of meal 
delivery/food consumption and compared to values taken at the same time during a 
control period (hypothesis 1 d). 
2) To test the function of stereotypic behaviour by assessing the behavioural response 
to opiate antagonist administration: 
2a) if equine stereotypies function as a reward behaviour, then the performance of 
these behaviours will be attenuated by the administration of an opiate antagonist; 
2b) if opiate antagonist administration reduces overall behavioural activity, as well as 
attenuating stereotypic behaviour, then it can be concluded that equine stereotypy is 
not specifically mediated via an opioid pathway compared to other behaviours and 
thus does not have a ̀ reward function'. 
In addition to these hypotheses, as naloxone has been reported to significantly 
increase equine heart-rate and plasma cortisol (Kamerling et al., 1990; Alexander and 
Irvine, 1995), then these parameters must also be measured and considered when 
explaining the behavioural effects of opiate antagonist administration. 
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3) To investigate the role of beta-endorphin and dopamine in the causation of 
stereotypic behaviour by measuring plasma beta-endorphin and prolactin levels in 
stereotypy and non-stereotypy horses. 
3a) If equine stereotypy is the result of an impaired CNS opioid system then, plasma 
levels of beta-endorphin will be significantly lower in stereotypy compared to non- 
stereotypy horses. 
3b) If equine stereotypy is the result of over- activity in the CNS dopamine system, 
then plasma prolactin will be significantly lower in stereotypy compared to non- 
stereotypy animals. 
These hypotheses were tested within one experimental trial. 
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5.2 MATERIALS AND METHODS 
5.2.1 ANIMALS 
Crib-biting and weaving horses were sought from a population of 280 horses. 
Anecdotal reports from stable staff were used to identify potential crib-biting and 
weaving horses. Horses that performed crib-biting were confirmed using the 
standardised assessment procedure described in section 4.1.1. Weaving horses were 
confirmed by direct observation, and `normal' control horses were confirmed using 
both methods. 
The length of time that an animal has performed stereotypy, the age and the sex of 
the animal are all variables that could potentially affect basal and treatment response 
levels of the physiological and behavioural parameters measured. This may be 
problematic in that it could influence the analysis of data by increasing within-group 
variation and the subsequent chance of creating a Type II statistical error or, that it 
could influence the results overall if, for example, males versus females or animals 
with established versus newly developed stereotypies respond differently to the 
various treatment regimes. To circumvent these issues, standardisation of the 
variables within and between groups is required. Unfortunately, out of the 280 
horses, only four crib-biting and four weaving horses were identified and a limited 
number of control animals were available for the duration of the trial to match group 
sizes (Table 5.1). Thus, balancing groups in terms of the variables outlined was not 
logistically possible. Using the animal as its own control in conjunction with paired 
statistical analysis prevents associated problems of high within-group variability and 
thus the first issue raised. However, the potential effects of uncontrolled groups on 
the results overall could not in this situation be avoided and is thus a recognised 
limitation of the study. 
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Table 5.1 Details of experimental animals. 
Control 
horses 
Age Sex Crib- 
biting 
horses 
Age Sex Weaving 
Horses 
Age Sex 
Horse 1 15 F Horse 1 10 M Horse 1 12 M 
Horse 2 7 F Horse 2 10 M Horse 2 13 F 
Horse 3 11 F Horse 3 6 M Horse 3 15 F 
Horse 4 17 M Horse 4 14 M Horse 4 8 M 
The general management and feed rations remained constant throughout the trial for 
all horses used; 1.5kg Cavalry Mix (Dodson and Horrell), 125g chaff and 125g 
sugarbeet were given at 1200h and 1630h, and one hay net at 1800h. Horses were 
exercised for 1 h/day except on treatment days when no exercise was given. 
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5.2.2 TREATMENTS AND EXPERIMENTAL DESIGN 
Treatments are described in Table 5.2. Each treatment period lasted for 11 h. This 
was selected based on previous studies (Dantzer et al., 1987; Terlouw et al., 1991) 
and the availability of the horses. 
Table 5.2 Treatments and exnerimental design indicating treatment sequence for each horse. 
Control Crib-biting Weaving 
Horses Horses Horses 
Treatment Description 1234 1 12 13 4 123 4 
Treatment se uence 
Saline 10ml saline given hourly (i. v. ) 1 2 3 4 1 3 2 3 11 3 12 3 
Naloxone Naloxone given at 0.02mg/kg 2 3 4 1 2 1 3 2 2 1 3 2 
live weight hourly (410ml for 
a 500kg horse) (i. v. ) 
Crib-strap Crib-strap placed on the horse 3 4 1 2 3 2 1 1 - - - 
and 10ml saline given hourly 
(i. v. ) 
Anti-weave Anti-weave bar placed on the 4 1 2 3 - - - - 3 2 1 1 
bar stable door 10ml saline given 
hourly i. v. 
Establishing the appropriate naloxone dose-rate (0.02mg/kg/h) was based on 
information gathered in the pilot studies (chapter 4). Saline was given as a control 
for the administration of the opiate antagonist. Both were given i, v. via the right 
jugular vein. The experimental design was an incomplete Latin square; the control 
group received all 4 treatments, and the crib-biting and weaving group received 3 
treatments as shown in Table 5.2. The sequence of treatments was randomised for 
each group of horses (Table 5.2) and all treatments were carried out in a loose box 
(4m x 4m), to which the animals were familiar, at the same time each day (1000 to 
2100h). Horses were brought to the loose box 3 hours prior to the start of the 
treatment period (0700h) for catheterisation (Vygon, France) of the right and the left 
jugular veins: a local anaesthetic was administered to the jugular groove at the point 
of catheter insertion. Using a scalpel, an incision (0.5-1.0cm) was made along the 
line of the groove and the catheter inserted and sutured into place. The point of 
insertion was varied over the trial period to prevent the occurrence of jugular 
thrombosis. Animals were monitored 24h post-catheter removal for any swelling or 
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inflammation of the jugular area. The time-interval between treatments for an 
individual horse was a minimum of 7 days. 
5.2.3 MEASUREMENTS 
Behaviour 
Behaviour was recorded using time-lapse video equipment (Ikegami TVR-625). 
Stereotypic behaviours were measured continuously as the total number of crib-bites 
or weaves during the 1 ih treatment period. The normal behaviours recorded are 
listed and defined in Table 5.3. These were measured using an instantaneous scan 
sampling technique (described in section 3.4), where samples were taken every 10 
minutes (66 per treatment); the tape was paused at 10 minute intervals (real time) 
and the behavioural state of the animal assessed and recorded (see Appendix III). 
Table 5.3 Normal and stereotypic behaviours measured. 
Behaviour Description 
Non-alert Ear in relaxed state (not contracted to 90 ° or lying flat to the head), neck at 
angle S 50° to spine. 
Alert Ear contracted to 90 ° or lying flat to the head, neck at raised angle 5 50° to 
spine 
Resting Eyelid and lower lip drooped, neck at lowered angle 2 30° to spine 
Sleeping Eyelid closed, lower lip drooped, neck at lowered angle Z 30° to spine 
Standing 4 feet weight bearing 
Leg-resting 3 feet weight bearing 




Crib-biting Horse grips onto a fixed object using its incisor teeth, leans back onto hind 
quarters and contracts the strap muscle (contraction must be visible) of the 
neck to bring the head into an arched position. Air is sometimes taken into the 
oesophagus to produce a grunting sound. 
Weaving Lateral movement of the head and neck from side to side in a rhythmic 
repetitive manner with alternation of the weight onto the contralateral foreleg 
with respect to the position of the head. 
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Physiology 
Blood samples were collected via the left, indwelling catheter into an EDTA 
vacutainer (NVS, Stoke-on-Trent, UK) and centrifuged at 1600g. The plasma was 
then aliquoted into 1.5 ml micro-centrifuge tubes (Elkay, Co. Galway, Ireland) and 
stored at -20°C until assay for plasma cortisol, plasma beta-endorphin and plasma 
prolactin. 
Blood sampling frequency was determined by the aims of the experiment: 
1. to examine if prevention of equine stereotypy elicited a stress response that was 
most pronounced in the context of food arrival or consumption; 
2. to examine if stress-related parameters changed before or after stereotypy 
performance outside of the context of food arrival or food consumption. 
This required a frequent blood sampling protocol, although the primary constraint to 
this was the time required to blood sample, prepare and to freeze the plasma aliquots; 
blood samples were thus taken every 20 minutes. 
Plasma cortisol and plasma prolactin were measured using the ELISA techniques 
previously described in section 3.2.2. As no reliable ELISA method could be 
established for the measurement of plasma beta-endorphin, it was measured using an 
RIA technique by Dr R Rodway, University of Leeds, UK. 
Heart rate (beats/minute) was measured using a Polar Sports Tester, described in 
section 3.3. A `down-load' facility of heart-rate data onto a computer was not 
available and thus was performed manually. This meant that sampled, rather than 
continuous measurements, were taken because of the limited amount of data that 
could be stored on the Polar Sports watch. Samples were taken to give an overall 
mean heart-rate measure during the course of each treatment; between 1000-1200, 
1400-1600 and 1900-2100h. Within these periods, the Polar equipment was set to 
measure heart-rate every 15 seconds. 
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5.2.4 STATISTICAL ANALYSIS 
Paired statistical analysis (Genstat for Windows 4.1, Lawes Agricultural Trust; 
Wilcoxon paired-sample test; Minitab for Windows) was used to compare treatment 
with saline values for each of the different parameters measured unless otherwise 
stated. Where the null hypothesis stated that there would be no change in the 
measured parameter (aspects of normal behaviour) analysis was two-tailed. 
However, when the alternative hypothesis stated that there would be no increase 
(plasma cortisol, plasma beta-endorphin, heart-rate) or decrease (stereotypic 
behaviour) in the measured parameter, one-tailed analysis was used (Zar, 1996). 
The greater power of parametric compared to non-parametric statistics makes this 
type of analysis preferable (Zar, 1996). Thus, percentage data (normal behaviour) 
was arcsine transformed to normalise the data distribution and allow the use of 
parametric statistics. Similarly, heteroscedastic (unequal variances) (stereotypic 
behaviour) and skewed data (plasma cortisol, plasma prolactin) were log transformed 
for this same reason. In instances where a significant difference resulted from non- 
parametric but not parametric analysis, p values from both tests are presented. 
In addition, where paired analysis was used repeatedly to examine changes in a 
variable over time (plasma cortisol and plasma beta-endorphin before and after meal 
delivery and stereotypy performance) a more conservative level of significance was 
used (p<0.01) as the probability of committing a Type I error is greater during this 
type of analysis. 
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5.3 RESULTS 
Prior to presenting the results, it should be noted that one weaving horse had to be 
withdrawn for reasons unrelated to the trial. 
Results will be presented in three sections relating to each of the three experimental 
aims. 
5.3.1 THE PHYSIOLOGICAL AND BEHAVIOURAL CONSEQUENCES OF 
PERFORMING OR PREVENTING EQUINE STEREOTYPIC BEHAVIOUR 
Behaviour measurements 
Normal Behaviour 
The mean proportion (%) of time spent performing aspects of normal behaviour 
during each treatment period, for each group of horses are presented in Appendix IV 
(Table 1). Probability (p) values generated from statistical analysis of these data are 
presented in Table 5.4. 
Table 5.4 P-values generated from paired statistical analysis (two-tailed) of the mean percentage time 
spent performing normal behaviours (saline vs. other treatment) for each group of horses. 
Control (n-4) Crib-biting (n-4) Weaving (n-3) 
Treatment Saline vs Crib- 
strap 
Saline vs Anti- 
weave bar 
Saline vs Crib- 
strap 
Saline vs Anti-weave 
bar 
Behaviour t statistic P value t statistic P value t statistic P value t statistic P value 
Alert 2.78 0.07 2.17 0.12 0.26 0.81 -1.67 0.23 
Non-alert -3.86 0.03 -1.02 0.38 -0.26 0.81 1.64 0.24 
Resting 0.32 0.77 -1.4 0.25 -0.57 0.62 -0.55 0.64 
Sleeping - 
Eating -0.95 0.41 0.82 0.47 -0.81 0.47 0.59 0.62 
Drinking 1.31 0.28 1.31 0.28 0.34 0.76 1.31 0.32 
Standing 0.73 0.52 4.76 0.02 0.08 0.94 -0.30 0.79 
Leg-resting -0.29 0.79 -3.12 0.05 0.05 0.96 0.45 0.69 
Lying 
Walking 0.24 0.82 -0.343 0.75 -1 0.39 -1 0.42 
t- msumcient data) 
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The mean time (±SEM) spent performing non-alert behaviour by control horses 
significantly increased (p=0.04) from 61.4±6.0 to 75.0±6.6 % when the crib-strap 
was used (Figure 5.1). The anti-weave bar also affected the behaviour of the control 
horses, significantly (p=0.01) decreasing standing (from 66.1±5.0 to 50.4±7.8%) and 
significantly increasing (p=0.02) leg-resting (from 32.6±4.9 to 48.4±8.7%) (Figure 
5.1). No aspects of normal behaviour of the crib-biting or weaving horses were 
affected by the application of the different treatments. 
Figure 5.1 Mean (±SEM) % time spent standing, leg resting and non-alert by control horses (n=4) 




















To illustrate the distribution of crib-bites and weaves during the course of each 
treatment for each group of horses (except control) the frequencies of each behaviour 
are presented as the total number/5 minutes (Figures 5.2-5.5). These data are 
summarised as percentage data per half hour ([No. of crib-bites per half hour / total 
number of crib-bites during the treatment period] * 100) in Table 5.5 
To assess the overall mean crib-biting and weaving behaviour performed during each 
treatment period, mean values were taken of the total number/hour for each horse 
during each treatment (Appendix IV; Table 2) and summarised as total 
means(±SEM) (Figure 5.6). Probability values (p) generated from statistical analysis 
of these mean data are presented in Table 5.6. 
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Table 5.5 Effect of treatment (saline, crib-strap and anti-weave bar) on the distribution of crib-bites 
and weaves (no. in 30 minutes as percentage of total no. ) over the treatment period for crib-biting and 
weaving groups of horses (solid lines indicates point of meal delivery). 
Crib-biting group Weaving group 





1000 0.0 0.0 11.3 4.8 
1030 0.0 0.0 0.0 4.1 
1100 0.3 0.0 12.2 0.6 
1130 3.9 0.0 5.5 0.0 
1200 7.1 54.8 1.9 0.8 
1230 8.2 0.0 0.0 0.5 
1300 7.1 0.0 4.5 0.5 
1330 7.1 0.0 2.3 0.5 
1400 4.4 0.0 13.2 0.8 
1430 3.6 0.0 3.5 0.0 
1500 3.2 2.7 10.3 3.1 
1530 8.0 0.0 4.5 39.8 
1600 6.2 0.0 6.8 31.2 
1630 7.0 34.4 1.3 0.0 
1700 7.2 2.0 8.7 9.9 
1730 1.5 4.0 4.2 0.0 
1800 0.6 2.0 1.9 0.0 
1830 0.3 0.0 2.9 0.0 
1900 6.4 0.0 1.9 0.0 
1930 4.2 0.0 0.0 0.6 
2000 5.9 0.0 0.0 0.0 
20301 1 7.8 0.0 3.2 2.9 
133 
Figure 5.6 Mean number of crib-bites and weaves /h (±SEM) during each treatment for crib-biting 


















II1 Saline Anti-weave bar 
Table 5.6 P-values generated from paired statistical analysis (one-tailed) of crib-biting and weaving 
frequency data (saline vs. other treatment). 
Saline vs Crib-strap Saline vs Anti-weave 
(n=4) bar (n=3) 
t statistic P value t statistic P value 
2.53 0.04 0.22 0.42 
One horse (Horse 3) did not crib-bite during the saline or crib-biting treatment 
periods. However, overall mean crib-biting frequency was significantly reduced (d. f. 
=3; t statistic= 2.53; p=0.04) during the crib-strap treatment by 95.6%. In contrast, 




Control horse 2 immobilised (cast) itself during the crib-strap treatment. Values of 
physiological parameters measured during this period and for 120 minutes afterwards 
were highly elevated and thus discounted from the data set as being unrepresentative. 
Plasma cortisol and beta-endorphin results are presented in three sections relating to 
the different hypothesis being tested: 
1) mean values during the treatment periods; 
2) values before and after meal delivery; 
3) values before and after a bout of stereotypy not in the context of meal delivery. 
As heart-rate was sampled and not measured continuously throughout the treatment 
periods, results are presented as mean treatment values only. 
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Heart-Rate 
A mean value was taken of the heart-rate data collected for each individual horse 
during each treatment period. These data are presented in Figure 5.7 and Appendix 
IV (Table 3). Probability values (p) generated from statistical analysis of these data 
are presented in Table 5.7. 
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Table 5.7 P-values generated from paired statistical analysis (one-tailed) of mean heart-rate data 
(saline vs. other treatment) for each group of horses. 
Contro l (n=4) Crib-biting (n=4) Weaving (n=3) 
Saline vs Crib-strap Saline vs Anti-weave 
bar 
Saline vs Crib- Saline vs Anti-weave 
strap bar 
t statistic P value t statistic P value t statistic P value t statistic P value 
-0.43 0.35 1.54 0.11 1.45 0.12 0.56 0.32 
No significant differences in mean heart-rate were measured between saline and other 




Mean plasma cortisol values during the treatment periods 
A mean value was taken of plasma cortisol sample values taken during each 
treatment period (33 values/treatment). This represented the mean cortisol response 
to that treatment regime. Data are presented in Figure 5.8 and Appendix IV (Table 
4). Probability values (p) generated from statistical analysis of these data are 
presented in Table 5.8. In addition, the mean value for each sampling point (every 
20 minutes) for each group of horses are presented in Appendix V to illustrate the 
mean circadian response of plasma cortisol during the various treatments applied. 
Statistical analysis of this data (Repeated measures two-way analysis of variance; 
Genstat for Windows 4.1, Lawes Agricultural Trust) is also presented in Table 5.8. 
Figure 5.8 Mean plasma cortisol values (ng/ml) (±SEM) for each group of horses during each 
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Table 5.8 (a) P-values generated from parametric (Paired T-test) and non-parametric (Wilcoxon 
paired sample test) paired statistical analysis (one-tailed) of mean plasma cortisol data (saline vs. 
other treatment) for each group of horses. (b) P values from repeated measures two-way (treatment 
and horse group) analysis of variance of data during the treatment period. 
(a) 
Control (n=4) Crib-biting (n=4) Weaving (n=3) 
Saline vs Crib- 
strap 
Saline vs Anti- 
weave bar 




Paired Wilcoxon Paired Wilcoxon Paired Wilcoxon 

















0.09 0.05 0.03 0.05 0.06 0.05 0.07 0.09 
(b) 
Control versus Crib-biting horses Control versus Weavin horses 
Source of 
variation 
d. f. v. r. p Source of 
variation 
d. f. v. r. p 
Horse group 1 3.14 P>0.05 Horse group 1 4.19 P>0.05 
Treatment 1 3.54 P>0.05 Treatment 1 6.13 P>0.05 
Horse group x 
treatment 
1 0.04 P>0.05 Horse group x 
treatment 
1 0.11 P>0.05 
Time 29 0.4 P>0.05 Time 29 0.59 P>0.05 
Time x Horse 
group 
29 0.08 P>0.05 Time x Horse 
group 
29 0.11 P>0.05 
Timex 
Treatment 
29 0.07 P>0.05 Timex 
Treatment 




29 0.07 P>0.05 Timex Horse 
group x 
Treatment 
29 0.11 P>0.05 
Plasma cortisol of control horses was significantly elevated (d. f. =3; t statistic =-3.18; 
p=0.03) in response to the anti-weave bar (mean±SEM; from 18.0±1.7 to 
37.4±8. lng/ml), but not the crib-strap treatment (mean±SEM; from 18.0±1.7 to 
34.0±10. Ong/ml: d. f. = 3; t statistic =-1.78; p=0.09). However, using non-parametric 
statistical analysis both treatments appeared to have a significant effect (d. f. =3 ;T 
statistic =0; p=0.05). Similarly plasma cortisol of crib-biting horses was significantly 
elevated (d. f. = 3; T statistic =0; p=0.05) during the crib strap compared to saline 
treatment (mean±SEM; 33.8±6.7 to 48.7±8.2ng/ml) when data was analysed using 
non-parametric but not parametric (d. f. = 3; t statistic =-2.13; p=0.06) analysis. 
There was also a trend for higher plasma cortisol levels (parametric: d. f. = 2; t 
statistic =-2.32; p=0.07; non-parametric: d. f. = 2; T statistic =0 ; p=0.09) during the 
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anti-weave bar treatment for the weaving horses (mean±SEM; 30.8±3.0 to 
48.7±4.8ng/ml) compared to the saline treatment. 
Using repeated measures two-way analysis of variance, plasma cortisol was not 
significantly different over time either between treatments within groups or, between 
groups within treatments. 
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Plasma cortisol values before and after meal delivery 
Saline treatment 
The mean (±SD) value of plasma cortisol values before and after meal delivery for 
each group of horses during the saline treatment are presented in Figures 5.9-5.11 
and in Appendix IV (Table 5). Paired statistical analysis (as above) compared pre- 
and post-meal values for all horses together (Table 5.9). 
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Figure 5.10 Mean plasma cortisol (±SD) before and after meals l and 2 for crib-biting horses during 
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Table 5.9 Probability (p) values generated from paired statistical analysis (two-tailed) comparing pre- 
and post-meal plasma cortisol values during the saline treatment for each group of horses separately. 
-1 Meal 1 Meal 2 
40 20 min 20 min 40 min 30 min IO min 30 min 50 min 
min pre- post- post- pre- pre- post- post- 
pre- meal meal meal meal meal meal meal 
meal 
p t 
s tat. values values stet. 
11 33 1 (a) 0 007 .4 (a) 0 44 0 88 . . . . 1.75 (b)0.18 (b) 0.32 -1.33 
2.30 (c) 0.15 (c) 0.58 -0.66 
1.73 a) 0.23 a) 0.98 0.01 
1.21 (b) 0.31 (b) 0.30 -1.25 
0.30 (c) 0.80 (c) 0.47 -0.89 
3.02 a) 0.09 a) 0.02 4.92 
1.83 (h) 0.21 (b) 0.05 4.4 
5.11 (c)0.04 (c) 0.64 0.55 
0.93 a) 0.45 a) 0.02 4.97 
-0.81 (b) 0.50 (b) 0 06 2 88 . . 
-0.74 (c) 0.53 (c) 0.15 2.31 
(a) Control horses (n=4), (b) Crib-biting horses (n=4), (c) Weaving horses (n=3) 
Plasma cortisol values for control horses were significantly lower 20 minutes after 
compared to 40 (d. f. =3; t statistic =11.33; p=0.007) minutes before the delivery of 
meal 1 (13.6±3.8 compared to 23.1±4.4) and also tended to be lower 20 minutes after 
(d. f. =3; t statistic =3.02; p=0.09) compared to 20 minutes before the same meal 
(13.6±3.8 compared to 26.0±5.8). Values were also significantly lower 30 minutes 
(17.2±4.0; d. f. =3; t statistic =4.92; p=0.02) and 50 minutes (14.1±3.4; d. f. =3; t 
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statistic =4.97; p=0.02) after compared to 10 minutes (34.9±8.1) before meal 2 for 
this same group of horses. Plasma cortisol values for crib-biting horses were 
significantly lower 30 minutes (26.5±11.0; d. f. =3; t statistic =4.4; p=0.05) after 
compared to 10 minutes before (43.2±10.6) meal 2 with a similar trend for 50 
minutes (29.1±15.5; d. f. =3; t statistic =2.88; p=0.06) after compared to 10 minutes 
before the same meal. Plasma cortisol values for weaving horses were significantly 
lower 20 minutes (19.2+3.3; d. f. =3; t statistic =5.11; p=0.04) after compared to 20 
minutes (27.0±3.4) before meal 1. 
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Crib-strap treatment 
Mean plasma cortisol values before and after meal delivery during the crib-strap 
treatment are presented for control and crib-biting horses in Figures 5.12-5.13 and 
Appendix IV (Table 6). Paired statistical analysis (as above) compared pre- and 
post-meal values (Table 5.10) for each groups of horses separately. 
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Figure 5.13 Mean plasma cortisol (±SD) before and after meals 1 and 2 for crib-biting horses during 
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Table 5.10 Probability (p) values generated from paired statistical analysis (two-tailed) comparing 
pre- and post-meal plasma cortisol values during the crib-strap treatment for control and crib-biting 
horses. 

































1.28 (a) 0 33 -0 73 (a) 0 54 
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(b) 0.18 All. 
3.12 (a) 0.09 
2.78 (b) 0.07 
-0.97 (a) 0.40 1.86 (a) 0.20 
0.12 ) 0.91 10.68 b) 0.002 
(a) Contro l horses nom) ,) Crib-biting horses n=4) 
Plasma cortisol in the crib-biting horses tended (d. f. = 3; t statistic = 2.5; p=0.09) to 
be higher 40 minutes (55.8±28.7) before compared to 20 minutes (31.1±11.6) after 
the delivery of meal 1. For both control and stereotypy horses there was a trend 
(d. f. = 3; t statistic = 3.12; p=0.09: d. f. = 3; t statistic = 2.78; p=0.07) of lower plasma 
cortisol 30 minutes (48.9±55.1 and 29.0±5.4) after the delivery of meal 2 compared 
to 10 minutes (64.1±61.7 and 61.8±26.1) before. In addition, 50 minutes (36.0±21.4) 
after the delivery of meal 2, values were significantly lower (d. f. = 3; t statistic = 
10.68; p=0.002) compared to 10 minutes before for the crib-biting group. 
I- 
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Anti-weave bar treatment 
The mean plasma cortisol values before and after meal delivery during the anti- 
weave bar treatment are presented for control and weaving horses in Figures 5.14- 
5.15 and Appendix IV (Table 7). Paired statistical analysis compared pre- and post- 
meal values (Table 5.11) for each groups of horses separately. 
Figure 5.14 Mean plasma cortisol (±SD) before and after meals 1 and 2 for control horses during the 
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Figure 5.15 Mean plasma cortisol (±SD) before and after meals I and 2 for weaving horses during the 
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Table 5.11 Probability (p) values generated from paired statistical analysis (two-tailed) comparing 
pre- and post-meal plasma cortisol values during the anti-weave bar treatment for control and weaving 
horses. 
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For weaving and control horses, plasma cortisol tended to be higher (d. f. =4; t 
statistic= 5.86; p=0.03: d. f. =4; t statistic= 2.73: p=0.07) for values 40 minutes 
(52.5±3.4 and 39.8±19.2) prior to the delivery of meal 1 compared to 20 minutes 
afterwards (31.3±5.0 and 22.9±11.0). 
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Plasma cortisol values before and after the performance of stereotypy 
Plasma cortisol samples up to 40 minutes before and 40 minutes after a 15 minute 
bout of stereotypy not in the context of meal delivery (excluding 1130-1230 and 
1600-1700) are presented in Figure 5.16 and Appendix IV (Table 8). Statistical 
analysis compared plasma cortisol at the point of stereotypy onset (Pre-value 0-5 
minutes) with other pre- and post-stereotypy values. To provide sufficient data 
points for this analysis, crib-biting and weaving groups were combined. Probability 
(p) values are presented in Table 5.12 
Figure 5.16 Pre- and post-stereotypy values for plasma cortisol (ng/ml)(±SD) for crib-biting and 
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Table 5.12 P-values generated from parametric (Paired T-test) and non-parametric (Wilcoxon paired 
sample test) paired statistical analysis (one-tailed) of plasma cortisol data comparing pre- and post- 
stereotypy values (20 and 40 minutes) for crib-biting and weaving horses combined (n=5). 
Pre-(0-5min. ) versus 
20 min. pre- 
stereotypy values 
Pre-(0-5min. ) versus 
40 min. pre- 
stereotyp values 
Pre-(0-5min. ) versus 
20 min. post- 
stereotypy values 
Pre-(0-5min. ) versus 
40 min. post- 
stereotyp values 
Paired T Wilcox. Paired T Wilcox. Paired T Wilcox. Paired T Wilcox. 
t stat. T stat. t stat. T stat. t stat. T stat. t stat. T stat. 
-1.25 12.0 -2.52 14.0 -1.92 14.0 -4.28 15.0 
P value P value P value P value P value P value P value P value 
0.14 0.2 0.04 0.05 0.06 0.05 0.006 0.03 
Plasma cortisol values were significantly lower 40 minutes (from 45.3±19.2 to 
28.7±11.8 ng/ml: d. f. =4; t statistic = -4.28; p=0.006) after the start of the stereotypy 
bout compared to pre-values (0-5minutes). Plasma cortisol levels also tended to be 
lower (d. f. =4; t statistic = -1.92; p=0.06) 20 minutes post- (from 45.3±19.2 to 
37.2.16.2ng/ml) compared to pre-stereotypy values (0-5 minutes). Similarly, 40 
minutes pre- (from 34.9±12.9 to 45.3±19.2; d. f. =4; t statistic = -2.52; p=0.04) but 
not 20 minute pre- (from 34.1±17.8 to 45.3±19.2; d. f. =4; t statistic = -1.25; p=0.14) 
values tended to be lower than 0-5 minute pre- values. 
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Plasma beta-endorphin 
Mean plasma beta-endorphin values during the treatment periods 
As for plasma cortisol, a mean value was taken of plasma beta-endorphin sample 
values taken during each treatment period (33 values/treatment). This represented 
the mean beta-endorphin response to that treatment regime. Mean values are 
presented in Figure 5.17 and Appendix IV (Table 9). Probability values (p) 
generated from statistical analysis of these data are listed in Table 5.13. In addition, 
the mean value for each sampling point (every 20 minutes) for each group of horses 
are presented in Appendix V to illustrate the mean circadian response of plasma beta- 
endorphin during the various treatments applied. Statistical analysis of this data 
(Repeated measures two-way analysis of variance; Genstat for Windows 4.1, Lawes 
Agricultural Trust) is also presented in Table 5.13. 
Figure 5.17 Mean plasma beta-endorphin values (pg/ml) (±SEM) for each group of horses during each 
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Table 5.13 (a) P-values generated from paired statistical analysis (one-tailed) of mean plasma beta- 
endorphin data (saline vs. other treatment) for each group of horses. (b) P values from repeated 
measures two-way (treatment and horse group) analysis of variance of data during the treatment 
period. 
(a) 
Control (n=4) Crib-biting (n=4) Weaving (n=3) 
Saline vs Crib- Saline vs Anti- 
stra weave bar 
Saline vs Crib-strap Saline vs Anti-weave 
bar 
t stat. P value t stat. P value 
1 t 
stat. P value t stat. P value 
-3.85 0.02 -0.76 0.25 -0.44 0.35 1.3 0.16 
(b) 
Control versus Crib-biting horses Control versus Weaving horses 
Source of 
variation 
d. f. v. r. p Source of 
variation 
d. f. v. r. p 
Horse group 1 2.40 P>0.05 Horse group 1 3.13 P>0.05 
Treatment 1 0.12 P>0.05 Treatment 1 0.01 P>0.05 
Horse group x 
treatment 
1 0.00 P>0.05 Horse group x 
treatment 
1 0.27 P>0.05 
Time 29 0.31 P>0.05 Time 29 0.33 P>0.05 
Timex Horse 
group 
29 0.11 P>0.05 Timex Horse 
group 
29 0.13 P>0.05 
Timex 
Treatment 
29 0.12 P>0.05 Timex 
Treatment 
29 0.12 P>0.05 
Time x Horse 
group x 
Treatment 
29 0.09 P>0.05 Time x Horse 
group x 
Treatment 
29 0.16 P>0.05 
Wearing a crib-strap caused a significant elevation in plasma beta-endorphin levels 
(from 108.5±53.6 to 135.3±60.5 pg/ml: d. f. =4; t statistic =-3.85; p=0.02) in control 
horses. No other treatment effect was measured for the other groups of horses 
compared to the saline treatment. 
Using repeated measures two-way analysis of variance, plasma beta-endorphin was 
not significantly different over time either between treatments within groups or, 
between groups within treatments. 
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Plasma beta-endorphin values before and after meal delivery 
Saline treatment 
The mean plasma beta-endorphin value for each group of horses before and after 
meal delivery during the saline treatment are presented in Figures 5.18-5.20 and 
Appendix IV (Table 10). 
Paired statistical analysis (as for plasma cortisol) compared pre- and post-meal values 
(Table 5.14) for each group of horses separately. 
Figure 5.18 Mean plasma beta-endorphin (±SD) before and after meals 1 and 2 for control horses 
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Figure 5.19 Mean plasma beta-endorphin (± SD) before and after meals I and 2 for crib-biting horses 
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Figure 5.20 Mean plasma beta-endorphin(±SD) before and after meals I and 2 for weaving horses 
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Table 5.14 Probability (p) values generated from paired statistical analysis (two-tailed) comparing pre- 
and post-meal plasma beta-endorphin during the saline treatment for all groups of horses combined. 
Meal I Meal 2 
40 20 min 20 min 40 min 30 min 10 min 30 min 50 min 
min pre- post- post- pre- pre- post- post- 
pre- meal meal meal meal meal meal meal 
meal 
t p t p 
slat. values slat. values 
(a) - . 44 0 57 (a) 0 63 _1111. . . 1.42 (b) 0.21) 0.04 (b) 0.97 
-0.48 (c) 0.68 1.74 (c) 0.22 
- (a) - 0.76 (a) 0.53 
0.17 (b) 0.88 0.75 (b) 0.51 4_ 
ý_ 
01 
2.38 (c) 0.14 0.20 (c) 0.86 
- (a) - -0.62 (a) 0.60 
-0.78 (b) 0.52 0.21 (b) 0.86 
-0.49 (c) 0.67 -0.61 (c) 0.60 
-0.50 (a) 0.70 
-2.05 IR 
r 
09 12 (b) 0 001 . . 
7.99 
. 02 c) -1.43 (c) 0.29 
(a) Control horses (n=4), (b) Crib-biting horses (n=4), (c) Weaving horses (n=3) :- insufficient data 
Plasma beta-endorphin levels were significantly higher (d. f. =3; t statistic 12.09; 
p=0.001) 10 minutes before (184.8±91.1) compared to 50 minutes (153.0±87.1) after 
the delivery of meal 2 for crib-biting horses only. For the weaving group, plasma 
beta-endorphin levels were significantly higher (d. f. =2; t statistic 7.99; p=0.02) 20 
minutes (273.3+49.6) before compared to 40 minutes (234.7+43.8) after the delivery 
of meal 1. 
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Crib-strap treatment 
Mean plasma beta-endorphin values before and after meal delivery during the crib- 
strap treatment are presented for control and crib-biting horses in Figures 5.21 and 
5.22 and in Appendix IV (Table 11). Paired statistical analysis compared pre- and 
post-meal values (Table 5.15) for each groups of horses separately (as above). 
Figure 5.21 Mean plasma beta-endorphin (±SD) before and after meals 1 and 2 for control horses 
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Figure 5.22 Mean plasma beta-endorphin (±SD) before and after meals 1 and 2 for crib-biting horses 
during the crib-strap treatment. 
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Table 5.15 Probability (p) values generated from paired statistical analysis (two-tailed) comparing 
pre- and post-meal plasma beta-endorphin during the crib-strap treatment for control and crib-biting 
horses 
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No significant differences were measured for plasma beta-endorphin values before 
and after the delivery of either meal during the crib-strap treatment. 
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Anti-weave bar treatment 
Mean plasma beta-endorphin values before and after meal delivery during the anti- 
weave bar treatment are presented for control and weaving horses in Figures 5.23 and 
5.24 and Appendix IV (Table 12). Paired statistical analysis compared pre- and post- 
meal values (Table 5.16) for both groups of horses separately (as above). 
Figure 5.23 Mean plasma beta-endorphin (±SD) before and after meals 1 and 2 for control horses 
during the anti-weave bar treatment. 
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Figure 5.24 Mean plasma beta-endorphin (±SD) before and after meals 1 and 2 for weaving horses 
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Table 5.16 Probability (p) values generated from paired statistical analysis (two-tailed) comparing 
pre- and post-meal plasma beta-endorphin during the crib-strap treatment for control and crib-biting 
horses. 
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Plasma beta-endorphin was significantly higher (d. f. = 2; t statistic = 4.78; p=0.04) 
10 minutes (240.7±96.2) before compared to 50 minutes (218.3±97.8) after the 
delivery of meal 1 for the weaving group. A similar trend (d. f. =2; t statistic = 3.9; 
p=0.06) was exhibited 20 minutes (215.3±99.1) before compared to 40 minutes 
(189.0±87.7) after the presentation of meal 1 for the same group of horses. 
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Plasma beta-endorphin values before and after stereotypy performance 
Plasma beta-endorphin samples up to 40 minutes before and 40 minutes after a 15 
minute bout of stereotypy not in the context of meal delivery (excluding 1130-1230 
and 1600-1700) are presented in Figure 5.25 and Appendix IV (Table 13). Statistical 
analysis of pre- and post-stereotypy data used combined data for crib-biting and 
weaving groups for reasons previously discussed (Table 5.17). 
Figure 5.25 Pre- and post-stereotypy values for plasma beta-endorphin(pg/ml)(±SD) for crib-biting 
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Table 5.17 P-values generated from parametric (Paired T-test) paired statistical analysis (one-tailed) 
of plasma beta-endorphin data comparing pre- and post-stereotypy values (20 and 40 minutes) for crib- 
biting and weaving horses combined. 
Pre-(0-5min. ) versus Pre-(0-5min. ) versus Pre-(0-5min. ) versus Pre-(0-5min. ) versus 
20 min. pre- 40 min. pre- 20 min. post- 40 min. post- 
stereotypy values stereotypy values stereotypy values stereotypy values 
t stat. P value t stat. P value t stat. P value t stat. P value 
0.79 0.24 0.83 0.23 0.87 0.43 0.41 0.11 
Pre- (0-5minute) plasma beta-endorphin levels were not significantly different to any 
other pre- or post-stereotypy values. 
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The mean proportion (%) of time spent performing aspects of normal behaviour 
during each treatment period, for each group of horses are presented in Appendix IV 
(Table 1). Probability (p) values generated from statistical analysis of these data are 
presented in Table 5.18. 
Table 5.18 P-values generated from paired statistical analysis (two-tailed) of the mean percentage time 
spent performing normal behaviour (saline vs. naloxone) for each group of horses. 
Control group (n=4) Crib-biting group 
n=4 
Weaving group (n=3) 
Behaviour Saline vs N aloxone Saline vs Naloxone Saline vs Naloxone 
t stet. P Values t stet. P Values t stat. P Values 
Alert 1.05 0.37 0.79 0.49 0.46 0.69 
Non-alert -0.74 0.51 1.01 0.39 -0.30 0.79 
Resting 0.04 0.97 -4.25 0.02 -0.47 0.68 
Sleeping 1.0 0.39 1.0 0.39 
Eating 0.67 0.55 0.39 0.72 1.54 0.26 
Drinking 0.53 0.63 1.49 0.23 0.08 0.94 
Standing 0.26 0.53 1.65 0.20 2.7 0.11 
Leg-resting -0.61 0.58 
1 
-1.53 0.22 -2.57 0.12 
Lying -1 0.39 
ý 
-1 0.39 -1 0.42 
Walking 0 1 -1.73 0.18 11 - 
(- insufficient data) 
The mean time spent resting by crib-biting horses significantly increased (d. f. = 3; t 
statistic= -4.25; p=0.02) from 5.1±1.8 to 20.4±3.0 % following naloxone 
administration (Figure 5.26). No other significant, treatment effect on normal 
behaviours was measured for any group of horses. 
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Figure 5.26 Mean (±SEM) % time spent resting for each group of horses during saline and naloxone 















The frequency of crib-bites and weaves (number/5 minutes) during the course of each 
treatment for each group of horses (except control) are presented in Figures 5.27- 
5.30. These data are again summarised as percentage data per half hour ([No. of 
crib-bites per half hour / total number of crib-bites during the treatment period] * 100) 
in Table 5.19 
The mean crib-biting and weaving frequency (number/hour) for each horse during 
each treatment are presented in Appendix IV (Table 2). These data are summarised 
as total means(±SEM) and presented in Figure 5.31. Probability values (p) generated 
from statistical analysis of these mean data are presented in Table 5.20. 
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Table 5.19 Effect of treatment (saline and naloxone) on the distribution of crib-bites and weaves (no. 
in 30 minutes as percentage of total no. ) over the treatment period for crib-biting and weaving groups 
of horses (solid line indicates point of meal delivery). 
% no. of crib-bites/weaves 
Crib-bitin group Weavin group 
Time Saline Naloxone Saline Naloxone 
1000 0.0 0.0 11.3 0.0 
1030 0.0 0.0 0.0 0.0 
1100 0.3 0.0 12.2 0.0 
1130 3.9 0.0 5.5 2.4 
1200 7.1 10.3 1.9 0.0 
1230 8.2 41.9 0.0 3.3 
1300 7.1 3.1 4.5 1.2 
1330 7.1 0.0 2.3 0.0 
1400 4.4 1.7 13.2 0.0 
1430 3.6 0.0 3.5 4.8 
1500 3.2 0.3 10.3 2.1 
1530 8.0 1.7 4.5 1.0 
1600 6.2 1.7 6.8 8.6 
1630 7.0 11.7 1.3 0.0 
1700 7.2 22.9 8.7 5.5 
1730 1.5 1.7 4.2 8.6 
1800 0.6 0.3 1.9 42.6 
1830 0.3 1.2 2.9 19.8 
1900 6.4 0.0 1.9 0.0 
1930 4.2 0.7 0.0 0.0 
2000 5.9 0.0 0.0 0.0 
2030 7.8 0.5 3.2 0.7 
Table 5.20 P-values generated from paired statistical analysis (one-tailed) of crib-biting and weaving 
frequency data (saline vs. naloxone). 
Crib-bitin Weavin 
t stat. P Values t stat. P Values 
-2.0 0.07 1.01 0.37 
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Figure 5.31 Mean number of crib-bites and weaves/h (±SEM) during each treatment for crib-biting 

















One horse (Horse 3) did not crib-bite during the saline or naloxone treatment periods. 
However, the mean crib-biting frequency was reduced (p=0.07) by 84% during the 
naloxone treatment (from 79.7±64.8 to 13.1±7.5 bites per hour) compared to the 
saline treatment. Mean weaving frequency was not affected by the naloxone 
treatment (from 9.4±3.3 to 12.8± 12.4 weaves per hour) with an overall mean 




A mean value was taken of heart-rate data collected for each individual horse during 
each treatment period. These data are presented in Figure 5.32 and Appendix IV 
(Table 3). 
Probability values (p) generated from statistical analysis of these data are presented 
in Table 5.21. Analysis was two-tailed since the hypothesis being tested was that 
heart-rate would not change in response to naloxone administration. 
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Table 5.21 P-values generated from paired statistical analysis (one-tailed) of mean heart-rate data 
(saline vs. naloxone treatment) for each group of horses. 
Control p (n=4) Crib-biting (n=4) Weaving (n=3) 
t slat. P Values t stat. P Values t stat. P Values 
1.00 0.19 1.15 0.17 -0.74 0.27 
No significant difference was measured for mean heart-rates between saline and 
naloxone treatments for each group of horses. 
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Plasma cortisol 
A mean value was taken of plasma cortisol sample values taken during each 
treatment period (33 values/treatment). This represented the mean cortisol response 
to that treatment regime. Data are presented in Figure 5.33 and Appendix IV (Table 
4). Probability values (p) generated from statistical analysis of these data are 
presented in Table 5.22. Analysis was two-tailed since the hypothesis being tested 
was that plasma cortisol levels would not change in response to naloxone 
administration. 





















Table 5.22 P-values generated from paired statistical analysis (one-tailed) of mean plasma cortisol 
data (saline vs. naloxone) for each group of horses. 
Control p (n=4) Crib-biting (n=4) Weaving (n=3) 
t slat. P Values t stet. P Values t stat. P Values 
1.4 0.12 0.09 0.64 1.1 0.19 
Plasma cortisol levels were not significantly affected by the administration of 




A mean value was taken of plasma beta-endorphin sample values taken during each 
treatment period (33 values/treatment). This represented the mean beta-endorphin 
response to that treatment regime. Mean values are presented in Figure 5.34 and 
Appendix IV (Table 9). Probability values (p) generated from statistical analysis of 
these data are listed in Table 5.23. 
Figure 5.34 Mean plasma beta-endorphin values (pg/ml) (±SEM) for each group of horses during 
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Table 5.23 P-values generated from paired statistical analysis (one-tailed) of plasma beta-endorphin) 
(saline vs. naloxone) for each group of horses. 
Control p (n=4) Crib-biting (n=4) Weaving (n=3) 
t stat. P Values t stet. P Values t stat. P Values 
2.27 0.05 -0.83 0.23 1.48 0.14 
The naloxone treatment significant reduced (d. f. =3; t statistic = 2.27; p=0.05) plasma 
beta-endorphin levels in control horses when compared to the saline treatment (from 
108.5±53.6 to 70.3±39.2 pg/ml). This result was not measured in the other groups of 
horses. 
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5.3.3 PLASMA BETA-ENDORPHIN AND PROLACTIN LEVELS IN 
STEREOTYPIC AND NON-STEREOTYPIC HORSES 
Plasma beta-endorphin 
A mean value was taken of plasma beta-endorphin sample values taken during the 
saline treatment period for each individual animal (33 values/treatment). These 
values are presented in Appendix IV (Table 9) and summarised as group means in 
Figure 5.35. 
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Control (n=4) Crib-biting (n=4) Weaving (n=3) 
Horse group 
The null-hypothesis stated that there was no difference in mean plasma beta- 
endorphin between different groups of horses thus statistical analysis (analysis of 
variance) was two-tailed. The probability (p) value generated from this statistical 
analysis was 0.15 (d. f. = 2; F value = 2.43) . 
Thus, no significant difference was 
measured between groups of horses for plasma beta-endorphin. However, a trend of 
higher plasma beta-endorphin levels in the crib-biting (177.9±45.0) and weaving 
(265.0±42.1) compared to the control (108.5±53.6pg/ml) horses was apparent. 
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Plasma prolactin 
A mean value was taken of plasma prolactin sample values taken during the saline 
treatment period for each individual animal (33 values/treatment). These values are 
presented in Appendix IV (Table 14) and summarised as group means in Figure 5.36. 















Control Crib-biting Weaving 
Horse Group 
The null-hypothesis stated there was no difference in mean plasma prolactin between 
different groups of horses thus statistical analysis (analysis of variance) was two- 
tailed. The probability (p) value generated from this statistical analysis was 0.67 
(d. f. =2; F value = 0.41). Thus, no significant difference was measured between 
groups of horses. However, a trend did appear to exist of higher plasma prolactin 
levels in the crib-biting (26.9±12.3ng/ml) and weaving (31.5±18.5ng/ml) compared 
to the control (17.7±2.8ng/ml) horses. 
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5.4 DISCUSSION 
This discussion is divided into three sections, the first on issues regarding 
experimental animals, and the remaining three pertaining to each of the experimental 
aims. 
5.4.1 EXPERIMENTAL ANIMALS 
Out of the 280 horses available for this project, only four animals could be identified 
as crib-biters and four animals as weavers therefore constituting small treatment 
groups. Such low numbers reduce the power of any statistical test performed and 
increase the chance of Type II errors (not rejecting the null hypothesis when it is 
false) (Zar, 1996). This problem was further exacerbated by the removal of one 
weaving horse from the trial. It is thus recognised that the results obtained, must be 
treated with caution. 
Compared to the McGreevy et al. (1995) survey of UK eventing and dressage 
horses, the prevalence of stereotypic animals amongst the 280 horses surveyed (1.4 
vs. 7.5-8.3% crib-biters; 1.4 vs. 9.4-9.5% weavers) was relatively low. Redbo (1998) 
reported that more staff and, in turn, more human contact with horses within the 
stable environment reduced the prevalence of stereotypic behaviour. The nature of 
the stable environment (extensive uniform and tack cleaning, mucking out, feeding, 
inspections, and tours) was such that long periods of time were spent by staff with the 
horses. Thus, this human-animal interaction may explain the low prevalence of 
stereotypies within this environment. Alternatively, the breed of horse used within 
the study (Irish draught x Thoroughbred) may not be predisposed to performing 
stereotypies compared to the eventing and the dressage horses sampled within the 
McGreevy et al. (1995) study. 
One horse identified as a crib-biter (Horse 3), did not perform crib-biting behaviour 
during any of the treatment periods. This horse was brought from another stable, and 
thus the novel environment may have attenuated the performance of the behaviour. 
The effects of novel environments in reducing the performance of stereotypic 
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behaviour has been previously reported to occur in other species (for review see 
Robins et al., 1990). 
5.4.2 THE PHYSIOLOGICAL AND BEHAVIOURAL CONSEQUENCES OF 
PERFORMING OR PREVENTING EQUINE STEREOTYPIC BEHAVIOUR 
This discussion is divided into three sections: 
1. the physiological and behavioural responses to preventing equine stereotypic 
behaviour; 
2. the physiological and behavioural responses to performing equine stereotypic 
behaviour; 
3. additional points of discussion. 
1) The nhysiolozical and behavioural responses to preventing equine stereotypic 
behaviour 
The physiological and behavioural responses of preventing equine stereotypy are 
discussed in two sections; those relating to mean values over the whole treatment 
period and mean circadian values, and those relating to periods of meal delivery and 
food consumption. 
1) Mean values of physiological and behavioural parameters during the treatment 
periods 
The mean frequency of crib-biting significantly decreased (p=0.04) during the crib- 
strap treatment (from 79.7±64.8 to 3.3±1.8 crib-bites per hour) by 96%, whereas the 
mean weaving frequency increased after the anti-weave bar was installed, although 
not significantly (from 9.4±3.3 to 24.2±21.5 weaves per hour). Thus, the crib-strap 
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was more effective than the anti-weave bar in preventing the respective stereotypic 
behaviour. This reflects the ability of weaving horses to stand back from the stable 
door and weave inside the stable. With respect to the hypothesis being tested: 
`if equine stereotypy functions as a `reward function'/'behavioural need', then 
preventing the behaviour should cause an overall elevation in stress-related 
parameters' 
the continued performance of stereotypy during the crib-strap and anti-weave bar 
treatments has certain implications: 
1) a horse that is fitted with a crib-strap but that is not prevented from performing 
crib-biting may cause a different physiological response compared to a horse that is 
prevented from performing the behaviour; 
2) if crib-biting with the crib-strap fitted causes a physiological pain response in the 
horse, then this may yield a different physiological response compared to a horse that 
is prevented from performing the behaviour, or the same physiological response but 
for different reasons. 
Table 5.24 shows the effect of the crib-strap and anti-weave bar on the frequency of 
stereotypy for each individual horse together with respective changes in overall mean 
HPA activity (plasma cortisol/beta-endorphin) during the treatment periods relative 
to the saline treatment. 
Table 5.24 The effect of the crib-strap and the anti-weave bar treatments on the frequency of 
stereotypic behaviour stereotypic behaviour and HPA activity (plasma cortisol/plasma beta-endorphin) 
(T increase; . decrease; -+ no change). 
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Crib-biting (p=0.05) and weaving horses (p=0.09) had elevated plasma cortisol 
during the crib-strap and anti-weave bar treatments regardless of whether or not the 
stereotypy was prevented. This suggests that, either the prevention of stereotypy was 
not the cause of the stress-response (elevated plasma cortisol) or, performing 
stereotypy with the crib-strap and anti-weave bar present was stressful to the animal. 
However, plasma cortisol was also significantly elevated for the control horses 
during both the crib-strap (p=0.05) and the anti-weave bar (p=0.05) treatments, 
coupled with a significant rise (p=0.02) in plasma beta-endorphin levels during the 
former treatment. This suggests that prevention of stereotypic behaviour did not 
cause the stress-response but rather that this was caused by some other factor 
common to all three groups of horses. The previous study that prevented the 
performance of equine stereotypic behaviour, not by physically preventing the 
animal, but by removing surfaces for crib-biting (McGreevy and Nicol 1995) 
reported no affect on HPA activity. From the hypothesis stated above, therefore, the 
results presented here combined with the McGreevy et al. study suggest that equine 
stereotypies are not functioning as either a `behavioural need' or as a `reward 
function'. Interestingly, the analysis of the plasma cortisol and beta-endorphin over 
time indicated no differences between treatments suggesting no treatment effect on 
circadian rhythm. Irvine and Alexander (1994) suggested that circadian rhythm 
might be a more sensitive indicator of equine stress. The results reported here, 
therefore, do not support that hypothesis. 
The use of the crib-strap and the anti-weave bar also had significant effects on 
normal behaviour of the control horses but no effects on the crib-biting or weaving 
animals. Stressors (e. g. intermittent electric shock) are known to reduce active 
behaviour (see Weiss et al., 1981, for review). Thus, the significant increase in time 
spent in a non-alert state by the control horses may reflect a stress-response to 
wearing the crib-strap. The significant increase in time spent leg-resting may indicate 
a similar reduction in behavioural activity caused by the stressful effects of having an 
anti-weave bar in the stable environment. The fact that these behavioural responses 
were not mirrored by the crib-biting and weaving horses may suggest that the crib- 
strap and the anti-weave bar were more stressful to the control animals. This is 
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supported by the significant elevation in plasma beta-endorphin that was particular to 
that group, but not the other groups, of horses and is probably explained by the fact 
that crib-biting and weaving horses had already experienced, and thus had been 
habituated, to these devices. Overall, however, physiological and behavioural data 
indicates that the use of the crib-strap and the anti-weave bar is stressful to the horse 
and thus may raise questions as to the use of these devices in terms of the animal's 
welfare. 
2) Measurements of physiological parameters before and after meal delivery_ 
Figures 5.9-5.11 clearly demonstrated a similar trend for plasma cortisol levels before 
and after meal delivery for each group of horse during the saline treatment. For both 
meals, there was an anticipatory stress-response to meal delivery, as indicated by the 
higher levels of plasma cortisol. This occurred primarily 20 minutes before 
compared to 20 minutes after meal 1 (control, p=0.09; weaving, p=0.04) and 10 
minutes compared to 30 minutes (control, p=0.02; crib-biting, p=0.05) and 50 
minutes (control, p=0.02; weaving, p=0.06) after meal 2. This data suggests that 
stereotypy onset cannot be attributed to a greater anticipation of food delivery by 
some animals. 
This same trend in plasma cortisol was apparent for the control and the crib-biting 
horses during the crib-strap treatment (p=0.09 and 0.07 respectively for values 10 
minutes before compared to 30 minutes after meal 2) and control and weaving horses 
during the anti-weave bar treatment (p=0.07 and 0.03 respectively for values 40 
minutes before compared to 20 minutes after meal 2). The hypothesis stated that: 
`if stereotypy functions as a ̀ behavioural need', then preventing the behaviour should 
cause an overall elevation in stress-related parameters; this should be more 
pronounced in the context of food delivery or consumption of food' 
This was not evident from the data recorded and perhaps may be explained by the 
fact that crib-biting and weaving behaviour continued whilst the crib-strap and anti- 
weave bar were in place. 
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With respect to plasma beta-endorphin, there were no real trends in values before and 
after meal delivery. The significantly higher plasma beta-endorphin levels 10 
minutes before compared to 50 minutes after the delivery of meal 2 during both the 
saline (p=0.001) and the crib-strap treatment (p=0.04) for crib-biting horses would 
also support the rejection of the above hypothesis in that prevention of the stereotypy 
in the context of meal delivery did not elicit a stress-response at the pituitary level. 
2) The physiological and behavioural responses to performing equine 
stereotypic behaviour 
Measuring plasma cortisol before and after stereotypy (15 minute bouts not 
performed in the context of food delivery or food consumption) showed that plasma 
cortisol values became elevated prior to stereotypy performance and were lower 20 
(p=0.05) and 40 minutes (p=0.006) afterwards. The hypothesis stated : 
`if equine stereotypy functions as a ̀ reward function', then, during periods outside of 
meal delivery/food consumption, stress-related parameters should increase prior to 
the onset of stereotypy followed by a reduction after the behaviour's performance' 
These results, therefore, support the view that both stereotypies (crib-biting and 
weaving) reduce HPA activity and thus have a ̀ reward function'. 
No differences were measured between pre-(O-5minutes) and other pre- and post 
stereotypy values for plasma beta-endorphin. This again suggests that plasma beta- 
endorphin is a less sensitive indicator of equine stress compared to plasma cortisol. 
In addition, if the `reward function' of equine stereotypy is mediated via increased 
opioid activity, then the results show that this activity is not measurable within the 
peripheral blood system. 
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3) Additional points of discussion 
From Figures 5.2 and 5.4 and Table 5.5 it is apparent that crib-biting and weaving 
behaviours were performed regularly throughout the saline treatment. However, 
during the crib-strap and anti-weave bar treatments, horses that continued to perform 
stereotypic behaviour performed 54.8 % of the total amount of daily crib-biting in the 
first 30 minutes after meal 1 (1200h) and 34.4% performed within in the first 30 
minutes after meal 2 (1630h) (Figure 5.3). For weaving horses, 71.4% of the total 
amount of weaving was performed in the 60 minutes prior to meal 2 (Figure 5.5). 
Thus, stereotypies during prevention were performed only in response to specific 
causal stimuli; anticipation of meal delivery for weaving and consumption of food for 
crib-biting. These periods may indicate when the animal is most motivated to 
perform these behaviours. Horses trained to perform an operant task to receive a food 
reward will perform a grasping-type behaviour when the food is not presented 
(personal observation). The morphology of this behaviour is similar to crib-biting 
and suggests that crib-biting may be the manifestation of a continued eating 
motivation. As previously discussed, the pre-feeding, locomotory nature of weaving 
may indicate that this behaviour originates from a continued motivation to acquire 
food. 
It was also observed that crib-biting was performed intermittently with the ingestive 
phase of food consumption i. e. there were cycles of the horse eating, then crib-biting, 
followed by eating. Once the food had been consumed, the behaviour normally 
ceased. If crib-biting functions as a `behavioural need', potentially substituting the 
performance of oral behaviour after all food has been consumed, then stereotypy 
would be expected to occur predominantly after food consumption. The intermittent 
nature of the ingestive and stereotypic behaviour, thus, does not support this theory. 
Earlier it was stated that administration of exogenous opioids are known to increase 
the motivation to perform rewarding behaviours, such as eating and sexual 
behaviours (Majeed et al., 1986; Mucha and Iversen, 1986; Band and Hull, 1990; 
Bakshi and Kelley, 1994; Wise, 1996), and also, to enhance the reward value 
associated with their performance (see Wise et al., 1992, for review)(section 1.3.3). It 
follows, therefore, that if stereotypies are reward behaviours, the reward value would 
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be enhanced if the behaviour was performed following exogenous opioid 
administration or, following the imposition of environmental stimuli that had the 
same neurochemical effect e. g. eating palatable feeds. Such examples of increased 
reward after eating have also been reported for human subjects; smoking has been 
reported to be more pleasurable after, compared to before, a meal has been consumed 
(Hasenfratz et al., 1989; Jarvik et al., 1989). This means stereotypic behaviour 
would be performed after food ingestion (or in response to meal arrival), not simply 
because these stimuli increased the motivation to perform appetitive behaviours 
neurochemically, but because the behaviours are more rewarding in this context. This 
may explain the observed intermittent nature of eating and stereotypic behaviour 
together. 
Conclusions 
1. Data reported here support the view that crib-biting is predominantly a post- 
prandial behaviour and that weaving is a pre-feeding activity (Sambraus and 
Radtke, 1989; Kusunose, 1992; Gillham et al., 1994; Redbo et al., 1998). 
2. The results of mean HPA activity measured during the crib-strap and anti-weave 
bar treatments, suggested that equine stereotypies do not function as either a 
`behavioural need' or as a `reward function'. This conclusion, however, is based 
primarily on the fact that a stress response was elicited from control as well as 
stereotypy animals. 
3. The stress-response caused by the use of the crib-strap and the anti-weave bar for 
control and stereotypy animals may suggest that the use of these devices are 
unsuitable from a welfare perspective. 
4. The continued performance of stereotypic behaviour during the prevention 
treatments did not allow the ̀ behavioural needs' hypothesis to be tested. 
5. The results from HPA activity measured pre- and post-stereotypy performance 
suggest that both crib-biting and weaving have the ability to reduce HPA activity 
in the horse. This supports the theory of a ̀ reward function' for these behaviours. 
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5.4.3 THE EFFECT OF OPIATE ANTAGONIST ADMINISTRATION ON 
STEREOTYPIC BEHAVIOUR 
The administration of naloxone caused a significant reduction (mean decrease of 
84% between horses) in crib-biting behaviour. This was less than the 100% 
reduction reported by Dodman et al. (1987) and the difference may be explained by 
the fact that Dodman et al. (1987) recorded stereotypic behaviour during 2x 60 
minute observations/day. The large variation in stereotypy frequency during the 
course of the day (Figure 5.27 and 5.28) indicates that sample measurements of 
stereotypic behaviour could generate misleading information. 
The large reduction in crib-biting behaviour following administration of an opiate 
antagonist suggests that the underlying neurochemical mechanism of crib-biting 
behaviour is opioid-mediated. Crib-biting horses, however, also significantly 
increased the amount of time spent resting (from 5.1±1.8 to 20.4±3.0%) after 
naloxone administration. This confirms the sedative effect reported by Dodman et 
al. (1987) which could have contributed to the reduction in crib-biting behaviour. 
However, this sedative effect was not apparent for control or weaving horses and this 
may in fact indicate differences in opioid physiology (i. e. number of receptor sites 
and/or binding affinity) between groups of horses. Animals continuously exposed to 
exogenous opioids can develop a state of physiological tolerance but, paradoxically, a 
state of behavioural sensitisation (e. g. increased sedative effect) to opiate antagonists 
(Crain and Shen, 1992). Thus, the pronounced, sedative effect in crib-biting horses 
may actually suggest that these animals have had a greater exposure to endogenous 
opioids and could support the view that this stereotypic behaviour is associated with 
endogenous opioid release. 
Dodman et al. (1987) reported no attenuation of weaving behaviour after naltrexone 
(0.04-0.05mg/kg; i. v. ) or nalmefene (0.08-2.0mg/kg; s. c. ) administration in one 
horse. In contrast, Nurnberg et al. (1997) demonstrated a 30% significant reduction 
in this behaviour after administering naltrexone orally (0.7mg/kg/day). The effect of 
opiate antagonist administration to weaving horses in this study resulted in an overall 
increase in the mean weaving frequency by 36%. However, the results were highly 
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influenced by the low number of subjects involved (n=3) for this group and the 
values for Horse 1 (Appendix 4, Table 2) which had a relatively high basal weaving 
frequency which more than doubled during the naloxone treatment (from 16.1±15.6 
to 37.6±76.6 weaves/h). For weaving horses 2 and 3, weaving frequency reduced by 
more than 90% after antagonist administration. Thus, although these results are 
inconclusive due to the low number of animals involved, one could infer that the 
underlying neurochemical mechanism of weaving is also opioid mediated but that 
there is a greater individual variation in the behavioural response to the antagonist. 
This variation may be explained by other neurotransmitters being involved in the 
underlying neurochemical mechanism of this stereotypic behaviour as proposed by 
Nurnberg et al. (1997), who attenuated weaving by administering serotonin (95%) 
and dopamine (57%) antagonists. 
Kamerling et al. (1990) reported a significant increase in restless behaviour and 
heart-rate after opiate antagonist administration to horses. This effect was not 
measured in the current study and may be explained by the relatively high dose 
(0.75mg/kg) of naloxone used by Kamerling et al. (1990). Plasma cortisol was also 
not significantly affected by the administration of naloxone for all three groups of 
horses and, although plasma beta-endorphin was significantly reduced in control 
horses, there was no measured effect on crib-biting or weaving horses. Thus, the 
behavioural effects of opiate antagonist administration were not due to changes in the 
stress-related physiology. These results do, however, contradict previous reports on 
the physiological effects of opiate antagonist administration in horses (Alexander and 
Irvine, 1995) where the inhibition of the HPA negative feedback mechanism 
(preventing the inhibitory action of endogenous opioids on the sequential cleaving of 
the ACTH precursor POMC) normally leads to increased levels of circulating cortisol 
and ACTH. Given that ACTH and beta-endorphin are co-secreted, similar rises in 
plasma beta-endorphin, post-antagonist administration, would also be expected. One 
potential reason for this lack of response at both the adrenal (plasma cortisol) and 
pituitary (plasma beta-endorphin) level could be the dose of opiate antagonist 
administered; Alexander and Irvine (1995) used a dose 10 times greater than that 
employed in the current study. 
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The difference in the beta-endorphin response to opiate antagonist administration 
between stereotypy and non-stereotypy animals may suggest that there are differences 
in opioid physiology between these groups of animals. 
The effect of naloxone on crib-biting frequency throughout the treatment period was 
similar to that measured during the crib-strap treatment, with 86.8% of the behaviour 
performed immediately after feeding (Figure 5.28, Table 5.19). This could suggest 
that that the opiate antagonist dose was insufficient to block all opioid receptors 
during these periods of high opioid release. This would support the view that crib- 
biting is elicited by post-prandial opioid activity. For weaving horses 62.8 % of 
weaving behaviour was performed between 1800h and 1900h (Figure 5.30, Table 
5.19), however, the results are again highly influenced by the low number of animals 
involved (n=3) and the values for Horse 1. Weaving behaviour by horses 2 and 3 
were not restricted to the pre-feeding period as was recorded during the anti-weave 
bar treatment. Thus, unlike crib-biting, weaving does not appear to be elicited by 
external stimuli that increase CNS opioid activity, but opioids do appear to be 
involved in the underlying neurochemistry of this behaviour. 
The hypotheses stated: 
` if equine stereotypies function as a reward behaviour, then the performance of these 
behaviours will be attenuated by the administration of an opiate antagonist. ' 
`if opiate antagonist administration reduces overall behavioural activity as well as 
attenuating stereotypic behaviour, then it cannot be concluded that equine stereotypy 
is mediated via an opioid pathway and thus that it has a ̀ reward function'. 
The results for stereotypy attenuation supports the first hypothesis for crib-biting 
behaviour but are less conclusive for weaving. Although, the significant increase in 
resting behaviour by crib-biting horses after naloxone administration supports the 
second hypothesis, the fact that this effect was particular to crib-biting horses can in 
fact be argued to support the opposite view. Overall, therefore, the results support 
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the interpretation that crib-biting is a reward behaviour and, therefore, that this 
behaviour could have a `reward function'. 
Conclusions 
1. Endogenous opioids appear to be involved in the underlying neurochemical 
mechanism for both crib-biting and weaving behaviour although results suggest 
that it is more strongly linked to the former of these equine stereotypies. This 
supports the view that crib-biting has reward characteristics and thus potentially 
has as a'reward function'. 
2. The sedative effect of opiate antagonists reported for crib-biting horses, rather 
than disprove that this is a reward behaviour, may in fact support the opposite 
view as the effect was not measured in control or weaving animals. 
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5.4.4 PLASMA BETA-ENDORPHIN AND PROLACTIN LEVELS IN 
STEREOTYPIC AND NON-STEREOTYPIC HORSES 
No significant difference was observed between groups for either plasma beta- 
endorphin (p=0.15) or prolactin (p=0.67). However, there was a consistent trend of 
elevated plasma beta-endorphin and plasma prolactin in the stereotypy horses with 
the weaving group having the highest overall mean value for both variables. With 
regard to the hypothesis being tested: 
`if equine stereotypy is the result of an impaired CNS opioid system then, plasma 
levels of beta-endorphin will be significantly lower in stereotypy compared to non- 
stereotypy horses' 
`if equine stereotypy is the result of over-activity in the CNS dopamine system, then 
plasma prolactin will be significantly lower in stereotypy compared to non-stereotypy 
animals' 
On the basis of the results, these hypotheses must be rejected, thus, equine stereotypy 
is neither caused by an impaired opioid system nor by over-activity within in the 
CNS dopamine system. However, the trend of elevated plasma beta-endorphin and 
plasma prolactin suggests that differences in opioid and dopamine physiology 
between stereotypy and non-stereotypy animals may exist, but not in the way that was 
predicted. This warrants further investigation especially given the low number of 
animals available within this study that reduced the power of statistical analysis 
performed. 
Conclusions 
1. Results suggest that equine stereotypy cannot be attributed to an impaired opioid 
system or to over-activation of dopamine systems. These results, however, are not 




At the start of this thesis (section 1.1.1), stereotypy was defined as a ̀ behaviour pattern 
that is repetitive, invariant and has no obvious goal or function'. Detailed 
examination of the literature on models of motivation and on the neurochemistry of 
appetitive and reward behaviour suggested that it may be better described as 
`a highly motivated, appetitive behaviour that is the culmination of a neural 
sensitisation process induced by stress or predisposed by genotype and is performed 
in an environment where consummatory aspects of the behaviour cannot be satisfied'. 
This latter definition, however, did not allude to the function of stereotypies and it 
was the primary aim of the experimental aspect of this thesis to provide this 
additional information. 
Although limitations in the experimental testing of hypotheses existed due to the low 
number of experimental animals, conclusions drawn from the different hypotheses 
tested consistently indicated that crib-biting was a reward behaviour and thus 
functioned to reduce stress-levels in the horse. These conclusions were as follows: 
1) crib-biting significantly reduced plasma cortisol levels; 
2) crib-biting was attenuated by administering an opiate antagonist; 
3) administering an opiate antagonist significantly increased resting 
behaviour in crib-biting, but not in control horses. 
This interpretation of the results supports the Lebelt et al. (1998) study that reported a 
significant increase in opioid activity (by measuring pain-threshold) and reduced 
heart-rate post-crib-biting behaviour. The research as a whole supports Cronin's 
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original `coping hypothesis' (1985) for stereotypic behaviour, that these behaviours 
are rewarding and thus have the ability to reduce the deleterious, physiological 
consequences of stress. 
The results for weaving behaviour were similar, but the lack of consistent significant 
results, potentially due to the smaller number of weaving horses, prevented the same 
conclusion from being drawn with confidence. 
The continued performance of stereotypic behaviour during the stereotypy prevention 
treatments prevented the `behavioural needs' hypothesis from being tested and could 
be considered a flaw in the experimental design. However, unless weaving horses 
were physically restrained, an alternative method of preventing this stereotypy did 
not exist. Crib-biting could have been prevented by removing crib-biting surfaces 
and, in retrospect, this would have been a more appropriate way of testing the 
`behavioural needs' hypothesis for this stereotypy. Crib-biting was prevented in this 
fashion by McGreevy et al. (1995) who measured overall mean HPA activity during 
the treatment period rather than comparing HPA activity at times when the animal 
would have been most motivated to perform the behaviour to other times of the day 
e. g.. pre- versus post- meal HPA activity. This may warrant the repeat of such an 
experiment or the re-analysis of the McGreevy et al. (1995) data. 
Although the current study did not test the function of `behavioural need' of equine 
stereotypies, results did indicate that the crib-strap and anti-weave bar are stressful to 
the horse. Questions, thus, need to be asked about the welfare implications of using 
such devices in the stable environment. In particular, whether the benefits of 
preventing clinical sequelae associated with equine stereotypies outweigh the 
potential welfare reducing effects of using the crib-strap and anti-weave bar. 
For the animal predisposed to performing stereotypy, the intermittent delivery of food 
(as meals) that is commonly part of the normal equine husbandry routine appears to 
be the major cause of stereotypic behaviour. Anticipation of meal delivery and also 
the high level of sustained feeding motivation (an artefact of cereal-based 
concentrates being highly palatable and also being very easy to consume quickly) 
appears to neurochemically induce a high level of motivation for appetitive 
behaviours. The lack of a functional consequence of these behaviours, due to the 
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restrictive nature of the animal's environment preventing the consummatory phase 
from being achieved, maintains the performance of the behaviours. It follows 
therefore, that the primary method of preventing the onset of these behaviours would 
be the removal of the intermittent meal delivery routine i. e. the animal is fed ad 
libitum. This would have greater practical application if predisposed (sensitised) 
animals could be identified. This was the justification for measuring plasma 
prolactin in stereotypy and non-stereotypy animals to try and correlate overactive 
CNS dopamine activity with the development of the behaviour. It was evident from 
the results obtained that no clear difference in plasma prolactin levels existed 
between stereotypy and non-stereotypy animals and thus the application of this 
parameter as a ̀ screening tool' may be limited. In general, it may be unreasonable to 
assume that peripheral blood measures can provide information about complex CNS 
activity and the emotional state of the animal. Thus, reducing stereotypy by 
identifying predisposed individuals using peripheral blood measurements may not be 
a fruitful approach. If the predisposition is controlled largely by the animal's 
genotype, then elimination of those individuals whose genotype has been linked to 
stereotypic behaviour from breeding stock, may provide an alternative approach. 
During the research process documented in this thesis (the interpretation and analysis 
of the literature as well as the experimental work carried out), further questions 
about the causal factors and function of equine stereotypic behaviour emerged: 
1. If stereotypy is the result of a neural/neurochemical state that places the animal in 
a state of enhanced motivation to perform appetitive/consummatory behaviours, 
can this state be quantified immunohistochemically in terms of numbers of 
neurochemical receptors in the brain? 
2. If the function of stereotypy changes from `behavioural need' to `reward function' 
over time, is this associated with neurochemical changes within the CNS? 
3. At the onset of stereotypy, does allowing the consummatory aspect of feed-related 
behaviours to be achieved (by feeding ad libitum), stop the development of the 
behaviour? 
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4. Can equine stereotypy be induced by intensifying the domestic horse's normal 
feeding routine (i. e. meals) by subjecting it to an intermittent feeding regime (e. g. 
small meals provided every 30 minutes)? 
These questions raise issues which may be seen as a starting point for future research 
into the cause and function of equine stereotypy. One study that is currently being 
proposed is the quantification of dopamine (D 1 and D2) and opioid (mu and delta) 
receptors in the striatum of control, crib-biting and weaving horses using abattoir 
material. Using the behavioural history of the animal, it may be possible to correlate 
the duration of stereotypy performance with the number of receptors in that brain 
region. It is anticipated that such research will provide a better understanding of why 
equine stereotypies develop, thus allowing them to be prevented/reduced within the 




Phosphate wash buffer (PBS1) 
Prepared as stock; 425g NaCl, 135gNa2HPO4.12H20,19.5g NaH2PO4.2H20 in 51 
Purite water to be diluted 1: 10 before use. 
Phosphate buffer (PBS2) 
Prepared from phosphate buffered saline tablets (pH 7.2), Sigma Chemical Co. 
(P-1379) (UK). 
Carbonate coating buffer (CCB) 
Prepared using 200m10.1M NaHCo3 (1.68g) and then titrating with 0.1M Na2Co3 
until (approx. 100ml, 1.06g) pH 9.6. 
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APPENDIX II 
STRIPPED SERUM PROTOCOL 
Stripped serum was prepared using agarose-coated charcoal as follows: 
Agarose -coated charcoal was first prepared by bringing a 5% Agar-Agar (Sigma, 
UK, A7002) solution to a temperature of 70°C whilst stirring constantly. Untreated 
powder charcoal (activated) (Sigma, UK, C5260) was then added and mixed until 
viscous. The solution was cooled to 50°C and then added to 500m1 acetone (Sigma, 
UK, A4206) with vigorous stirring. Once the agarose-coated charcoal had 
precipitated it was then filtered (Whatman No. 1 filter paper), and left on filter paper 
to dry. 
The serum was stripped by adding l Og of agarose- coated charcoal to 100ml of 
equine serum. This was aliquoted into 20ml tubes and placed on a rotary mixer 
overnight at room temperature. The mixture was then centrifuged at 1600g for 15 
minutes and the supernatant (stripped serum) removed and frozen until further use. 
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APPENDIX III 
SCAN SAMPLING RECORDING SHEET FOR NORMAL BEHAVIOURS 
Horse: Time, start: Time, finish: 
Expt.: 
na wk ne 
a wk ne 
al ne e e 
na le 
al e 
a1 ne ne ne 
ly ne 
si Ir ne 
sl s ne d d 
r lne 
r Ir ne 
rs ne wk wk 
air ne 
acrd 
a Ir e ly ly 
na Ir ne 
naird 
na Ire s s 
as ne 
asd 
ase Ir Ir 
na s ne 
na sd 



















e-eating; ne-not eating; d-drinking; wk-walking; ly-lying; s-standing; Ig-leg resting; 
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